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dnarhed Infwuvwy l~ua!wn hhnlqu hi Jcmtnr.  wukw td P svlunu(wrwn, sd rwnJ m~uhnn 
cahnytm to c d w  rcu~sfruhc tab  gnunlnur hntcnnl u~lt wr: dar dranld 'Ihr Ima~p!c* w J c r l y ~ q  c a h  
tcchmqu. 'md Ihr m h n c ~ A I w ~  arc ctpluurd m Jclsl tu nuhk thc mmqwJirt III muukntuul ttnm 
An latqgrted Sjldcm for the Idcntifkathm of Rsctuia 
Bndhury (IYNI) cmmwloJ In the rnmri repla1 td hjrlmtIh,gy m p h  pamokgy lwlnmknn Tbs applrn 
rwpuutlly III Inl*mcmer funclkm~sg &I pon u l  Plvn C l m ~ s  In kxs & w k W  ~urnvlat Acumhng ut Brdbury 
Ihc IUIJ* p l h k m  s kk 111 L;rw~wkdl(e ndha (hpn pnrwd d d f ~ u l b  C ~ W I U ~  Hr ppw I kc] (O 
rl~npltly~ng the pn~lpthm WXI pt l~m~ruuy W& of hirlcnn i nm  plan& C m w l y  bck i d  mlq m p4ml 
hicrla)chgy rrrullr In ;r l q c  number of w h l m t m *  e t&nltR.~lwn lavwca ol w p q h y l r a  MJ u(ha 
rvwywhqem h n h w  dlN~~ulry IS he WS nmgc ul meJuc Yul mgmr rryuid fur dcfuuuvc ul 
rpccltm 1% p l n ~  pthgcm. cn sprc ol t h  h l n g  n q r d l  n u m b  of Epatn rmmunl] cnccunabd Thn ts a 
ru*cqtmi& 111 thc nad tu d c f m  h~hncr  nu.^ cm rhc htu;r% tJ truchetnic.d pnqm~us Wtth luntud Wplr and 
yvrr f t d g n  rrehnngr, tk ~h~cnury ehcmreah mnv k h i d  lo p c U K  Sumc fcqcnts hsvc M h hOUghl m 
qurnlkrn far In c a c w  of wha tr u d  UI rhnc n w n  mny \II .uourul on the \hen, d i m  u ~ p m e d  kynd hcu expiry 
JH* 
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SrvJpninl. RK ~ m p w l m c  d gtrd intlan~n lechnqvb ad or sympc~m~lrgy amsW, with the 4 ro avoid 
qwndiny rtmc tn Pymphfler ~ w t m t l y  wunml to he rrgn~ficmt. fhe ctncqns ol presumptive ;uul d i e d  
diag~ac* m ~ w n t d ,  11 ma :dways king necrwiy Itr pnr-wd ur fuU dentifruiun. 
k~wcvcr k l l ~ n l  mJ Swnl cniphnr~u thnr p h  Qrtrwr m lrmpcmtc ngt tw rrcplmw lull ccsnmm The 
BACllD syscfn ~ s m c d  hcn. I\ swruwlly dn~gna l  u J~;~gnun\ of plan &- of [he myu\ and subm'plcs. 
typuJly m Pknl Clmh, humng m mtnd 
k w l  d ~htirlilicuhn q u d  for pcn Muupcmcnr &cisiuns, and 
Qc rrd u c b m n r  my) h d c  d w g  wnb i&Jlm m W  and s i g n d m  denr~ lWIn  d
phalnu 
B A m D  rmr h ~ l r m t c  m y h  rntud ml~nnrrm kt pnm11 darr~nu In rrutlnr PI mmgemrm vlv luxy  
mrt. Funhn nknnf~am w d  ncPy hc hrr. J mwmy In the mahxt pxatlad hem lhc HA(1'11) ryrrmr 
f(w ynthhary Ldt.Uk.th sc cimhurd with mr~rhJk pdi l l~ lg  IIY marc (JPUOOd 1h1111~9111m und 
~hurtaunrcn 
B A C T D  utn a nmLodual nplnwh WIL .Irrc of m*Jw ant1 -1% Ln nultnc ubc Kss LM hc rnnl Mln* 
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uwmc whrh anr prrvirlen. ru m the w y e ~  of y l n t l w  nwwh prctmtm (c R.. bulvat ulrt* lcn PsruJlrn~wt 
r r l l u ~ t  rllruml 
Lcvd of idcntifiitiun required for diagntmin 
L e l m  ;md S l e d  (lqK7) uu the ~ r m r p l  01 pmurptlvr dhqqt.RJ* I I I  Ikunnrw lhrc ~ J m l l f i ~ l u ~ m  Ryuumnu. 
dlagfnnn &wId hc w f f k w n d y  nyturrur UI eahk  81rd u f v ~ ~ c  .111er n Iew d a y  i i ~ twwr .  ~hc  quucmmu for 
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LIL\CHPs. 11 may ncvcr )x. nccchuo, 10 us u r n  t r f  lhev Icsa 
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c h n  nnuon) 
HACTID Scheme for Preliminary Identification of Plan! Pathogenic Bacteria 
Thr rkm pn)vIdrs rapd pnccmng w n level tndkiUmg likely ugnlfume, and climlrurted 
r;l(rylhym/rimpImc~en\ &mu the way. OrtgmaUy ~nspucd by Bradhuy'x (1970) %heme. I! a nrmacd UJ suil 
the main spacu e~~'ounrcrrd Inh e  ulqncpc~r. wllh une & t i d  lew fu funha &f!atiulm~cm lk c m p d  x c h r  
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('@bay crlw: Simrkmuul $19. :w t ~ ~ m t l y  yelhrw. hub WI tr Errrnru ht.rt11, ftlu a mnmu, x;&pn@~yu. PWn!#rnc 
Ilumwual itnd nmf lumu~nl  pewlwn~nalr ,lrr. hr yclklw. 
N u ~ u o n ~ c r r t ( ; m m ~ r y ~ H ' w :  Dlllernt~uttr hv Off ~cst. rkn u~lr-nt~ pr)ctai).u i ~ p n r p n d c .  Alicrlryt~nn ;md .unnr 
inhr nwquhcycns (~nrluJlnp P~ral~mtui~~r) 111ity hc n~wt;r-d.pr~uJrn~np ;wnJH~xlly fin Off ~ c * ) .  
L'autbm Thr rnsults tnusl k nl tud  k L  a) thc ht~Usymptn~ cLvn and m3;uam plxrs. If a ktcnurn h;rr hrm 
b'in<iUcc~ly i*JHI*l and crltncr out ' ~ q m w y w - .  hul thae c u t  rur a k r  likely cmJidules, it hdd he hrnvcsugaui 
funhe: ItKn: k nlwuyr rh ~tsuhility d raw. t k w  or new c.ws. :t, a Gnvn paitiw ix Enunrhacrmxau. 
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rac of hc u a p m  l~slr m r i m * m z n (  culy.mrlc f m m ~  ran du1 bc u r d  Hnwrwr. thwe m axp~ltve. 
b t i c  chc L1t JCXCnhdf kkm 
BACrrD C*lr t i c  
A &n w w l l  kd. uhx-#pmum$ dl ~hc BACtlD icw hw han Jevlm* k k r l  tr( the lcur ur Jcwr m Ik wtllr 
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uxd dnt mtnntnms to prcim. ~hc BACnl) p1.w LI Fuflhcr Jruulr urn ylvcn untlr~ thc hudrng B A ( l l U  SIWUI: 
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HACTII) Plate Kit 
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a d m  ht lclt wdl & ready ii* uw as ran as b;rtrw ncal w k ~Jemdld T k  p k  my b xcured In the &idpc 
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ovscumer on d ht m n  p u h l a n s  of kccntrlogy in smdl plan ~lffllcr w h ~ h  da nac deal with bslcrLology 
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-% - - 
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OR' IW 
Pam ol dlfipr%~hL phqr  tuk\ III nubrent nyiu i~ rc  usd rln~c the wcllq .w lrxr #midl III nvlnd lLffunum ol orygcn 
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aerohr luhc n f~llcd ~ h r c c q w ~ m  full. ~d urcwcd right durn$ amgc Afw nuh ~rur~tlntl~m. lhc cvu~*u. tuhc 
Ir wrcwrd UglU wun 
Potl(a rol tnl 
C t m  01 prw11 IISW ( 5  mm drunrter~ m rut su.ptrdly w~th u clrrL htww ~ L U X  H mm d q  ilrc cul Thc dbcn 
rm k kqn n hulh tn thc drcp Imrr l ~ r f n d M y  dm I r r m  tlryinp) tuwi rdJad rr Ik plrrlcs when !hey uh 
prrpuad lmmaltnrcly MIW tnrr II~,IUI~. I W I  ~1.111 smk wnrcr 18 iwlcM ur thc well 7hc p w !  d l ~ r  w tha vrah 
~nrukud (The dlw rnry & u o L w  durmg *tmtgt w ahrr wkfln~ wnta. I)ub &ux nH m;W) 
F r e a w l d  ~wiucl &&r WIU kc4, ~ndeh~lely w l m  the prepwed phta art ~tmi f f l  du ~lflfi~rnul I f  a I W m  
dna a tun amlabk. suuc p u n t  p l ~ s  in the Iwzu unul k plum m uaul Olhaw~se, pepuc pcw plus# 
atrpul ly 1mmu6dcly hd(m u r  
0- for portability and nmvenionce 
Rcllpn(r: @wk+.5t unrh m (Unrplh) 
NifrsrJniuiu tcn nmp [hfmk&DH) 
RAVTII) Suhwart 
1tw BAC'TID lrtsrnm wtll h puhl~shcd Hum Ihy ttx hwunJ R c ~ w r r r  Inruatr, liK). a% pm 14 a laclu(lr IJ 
tttuyn~lal \ )nocm I I ~  hnctcml drm~t i~ iunm NAC71U rr an hpm Syurm. whn* mrme;mu II ncuprr&r ~~nm 
tltl lk kKl%!rul ~IllIl~~ tutd WN lIUhd% W NvPbxw%T 
XI  *knc t I y  hcccn;~. BA(TID my hr w d  m w v d  way% 
1 hdlrrrlnp (hr Ibr rL.r( L r  thc mqwwe ul war Tht\ I\ [~m:vt*ul:uly ttwlul wtun m* pi i rubrr  k k r t d  
$nwp I\ w\Wclnl lurrny 1~11% 111 :I ~ ~ m v e n r u ~  11rtn:tO 
I W t n n m p  dl Wrrwtr) vxtr ut imc ramc lhc HA(TIL) prtrmun th17ukl hv uwd Ihr\ wnr utlh dlC HACT1)  
pbuc kt1 w h ~ k  yin~vrde\ 1~3th III ,I umvmtenl. pwlhlc Imn.11 
W b  drtt.~ .w rnt-nlg. t n w  th;u~ ow hrtm;d grrtul! nln! tx prwthlc Thn~gh iu t  he Irn,#nm& hypzual 
r.nvn\ L ,a tw vwwvd (c $ . l ' r c ~  CJ LC) In ~ L T  "lltlw ihu l " )  ILI c*c.ur~ ~tltnc rrt l~rnatt~m ;hlut Ihc d ~ l p ~ s r t ~ .  tcst2 
itd lhc chrnulcnzt1~'s 01 Ihr J ~ l l r l m l  tN~1crr;ll ynup. 
Rcr~yrr  l in  t r d ,  mJ rrngenu. ,and pr.rlrcnl dctal\ t* Ik tcrr .uv ma! lnwn an crlemal ASCII Idc 
(METH0I)S TXT) Tlda lik mtcy h: d n r d  hy :I IXXF teat ~ d t l t ~ r  11 u:md~wa r r u l  to h. ~ n v n a f  &r d Ihc 
WARNING hahw aldniMlng I~I all1 tha trk 
Identiflcation of Hacteria by Metabolic Profiles 
H i u l q  idmtificatiun s-ystem 
Pkrc. ~n he rud by cvc ~r hr r m~nlliur (dm r d c c  Wrc m n b  b numuid drWl anvy. muy ttl  film 
fnnn thc pblc nakr cn lh mlcnt~frmm arP1ww mnv rcmmrl r 14er mSr L*  dlcrc.~ mtry cJ thln fhc Rkiklp 
r v M n  mru ha Lllmml &ulh?nrr (mi 1t1,llem11~4rtcr) fi  nun nr#nllvc htm. tiram pnJIlvr hn(ain v W r  
and crha pyn ol W$rnlwnl 
Recummmdcd methods fur using Hkficq 
Prembr  of u o c u l m  W,~dlln$ o l  eaogrrwrrc nuumtc Ilr 2 5  mL J~qn~mblc *conlc iJn~verul  hmfa 
~gmhmlcd) A I L m ~ v e l )  iut~uli(v~hlc (I Q~pwhlc tentnlul(c. t u b  UI hrJd thc m c  m ~ t  *re wtlrhk 
Ccnvrlugc lu 40(11 rpm tB(X) r 8 )  LN 3f) rnm at I5C Rrur c f l  nupcmrutvll (161 be ,tuurlavod helcrre dtnp1uJ1. 
rewpmd wllh 20 mL ucnk d~11111ml WIG (warn may hc wcrghtd IN t o l m c  t 0 ? mn! ). hrmtrputlft ( v t m  
mum), and nnvlfuge agiun R e p e . ~ ~  chL prtrcdurc N) !hat the tulwcs rn wanhul twue in vatu, and finally 
rrsuqrnd If Ihc uupenwn k w h  ttx~ chn. m r u q x d  In d*wt Ih mL 
IrW OD (tuhiduy). Surpcmxm h*Jd have OD, 04-06, Thc wptrcma,t in 1% mL d ruuJ wprrurion (96 
r. 150 &). Dacrmine OD, and dilute acw*dm(lly wung a Mhdimcln. qzcm*holmda, tn dutminr OD hy eye 
w i h  turbidity autnddq pnbvdcd 
lncrbstim lbn 
lnruhuc al ?,M' &IJ~II~ ulvtu* rcdts# .u Jh .d ?4h Tk Ci4 6L1hitu tn,tudE\ ptrttrk$ Ln hrx Hmva 
Jh 0 mn ~ ~ n r m ~ n l y  u d  wmh pliut~ p~lhvcrn huc rullwrr nwt $R>Y wcq rqwll) and prutucc l c r )  ntwy PMIW 
hv U h  A M l b k  mppmw* 16 iumc*Mtl t h a k  uc 4h and rwrf Vhak dgan fmm IXh aml url uuU IIk h d m g c  
,& 14h S~bmc hrtaru m y  he 4nv gn~wtny &MI rcquve Lmper tnshdum urns 11u tht !4h dmh.w 
Rrvdlol by eye 
I bully [katltvc: W I H I ~  wll cfii~~wlrr I11lrtl w~lh  (It-ep VIJCI 
2 ,  cudcr l~ l~r :  twcnnpletrly f i lkd wclih w~th kc11 vs~k'l 
\. Fully ncpiulvd nulInrlJ: ~ k i u .  col~nlcu 
4. C k k r  w;d~ngs: 11 rw rw ry .  rcrl-*d w~ lh  rpctal ctrk rl hc h 1 ) 1  w~th k r .  
I ' r M  r p & ~  nadar. In ,I nutpnly 14 ctius. rt*suII& its ~IMNI in IN hc I~r lhim h! vyc c;m k uh(pnal vtlh 
il pl;ur m&r, h qV0 I I ~  liltel. I\ w ~ r n ~ t w n k d .  hr tmc chr* u) ~h l<  w , ~ t r l n ~ ~ t h  will p~vc Wrulslxttu). mils. Only 
wtth v u y  prr plruer (Mh k k p n w n l ) .  IN uvrrpruwrh 181 e n ~ ~ d l y  ynruttnp b l r L l n .  IS II plwaclhlc u~ ~ O ~ L ' I  xmtc 
n'sullh hy rye whtw i~ @hte wiuh Indr. IntcpnJ tx li'-tntwn\ml udlwirr xtll hnve &m rcJwcnm frctbucs hl 
romven ihsilh~l~~ rrtldln#~i l o  wcll w~tm nK H~oby ryswn U.YI\ LCU~LUJ (hh%h~l& bl covtn OD, mdnps 
tri (XEII~IVC. w p i ~ t ~ ~ c  ,tnd hnkrlmc: 
T ~ ~ I W  hnkrlinc: A l  a 1.4 
Thrc*)udd paiuve: A l a 2.  l 
l?hw tuc set u klnulla m MII r11,!,1r,q x ~ l t w r c  wwas sufflud hy Bu l i~g  w k h  WLWI h t  fiks cx & m t  plav 
wmdisgr. Hyh h l r k g n d  d m g s  IWI~ c ; w  pnlhknlh 11 s h b r  wmhngr In Ihe +a Irnb ;m: a n d  
11, suhmwc cuclnbn* hy mrnutltucs~cmal mllwwv utlh b c  q ~ m t y d  Rl,rloy Ihmh~ldv. '(he miuuon m~mmmda f  
amytnrdly urrr a) uu fixc11 thrrsluhk 111 1.1 Itw hnlerbne. imd 2.1 k u  patti\r (Bkk anl S w a m r n .  lW). 
tic~wcm. nxml  versrms ct l   MI^ r c b ~ , ~  wlruh wiup h w t m n c c  JiUa fitr?. cu <an 1-4 lhr pMe tu*)rr dtwtly. wJI 
M w  8YILUlb*I Mh r r ~ l ~ l p  1 ti tk hasw w m m  (I( Rr t r l r~~  Y I ~ W ,  enahltn~ data *I Ir mteml 
m**ullv Pnd pdh mkhed W m U  thr Mti r a l r q  O d t u h u ~  Thu Jratun: rinmw k d t d  01tny thc ~wm 
a d d  ~nrora d M a r r ~ h ~ #  (Vmtimu ?EN. 1flN1. &aha- h ntrtrd mi i tmp t ln l  Inmi the um'q cwn 
prurh A f u t h a  I l d v m u p  I# rhnr vrmms u thc I n c ~ l ~ n  a, w c y c  dnh m thc hm, or durwtuumr dncn fW h r m  
rhcpl*erwhrmd/uJhalpLa?rcJdlng 
&nrrkl I & w  -ram Hlr*kvcll's H a n r r u l  I&n@rr p&mn hrrn heen t&@d Ltw ucc wah Hk#l~t# 
lneolwln p f i l u t g  (Black 4 Swrrtrntm. I W I  in pw.) l i r r i k t r l w l  J P l b  tan h urd hx u mw.h l u w u  
pmhs pm thnn Ihc cqutv,JmI Mtr r o L * r ~  p p n u n \  nncl thr jrcqnvn a Qlllrnrallv rupml* Hc>wcvm, tmly 
m u d  Be cnuv 15 r x w h k  It 13 LtwIvcntcnl PJ IIX MI' r(411n MI i m p t k  Cuha*er h c  Mi1 r i ~ l a r ~  fib 
c4uv#31 tr. dtd In u d  tn cuhn pittgrmr hut thc m t k m  flk I* RClS <M h veatcd iw IW AS('II ilk Md cdnal 
InM Ihc fmd k!f n mmtrlx lik ( *  MATI  cn Hu' rrrtul IdrnlJlrr M* cqmmn fu h w t a l d  ~dr*ltrflcrUnm dlvw 
ruwl llarPhaficb in at me$nred wern m atrcn m Ftg 4 
Cluster analysis or metak4ic daU 
MNatx*c ~ ~ l i l t r q  knls i~ull MI .m*ly%~s of rcbannrnhqm wtwmy t r ~ k  1~ 1,uwny tJmUa*Ucm (X atJugtud 
Suhsvav uldlmtr~rn J~LI 1.m he ural tm lhcu own IU wilh uthm t ~ c c n r u r a  A J v w d  vmtcmn of 
M ~ r n j L ~ u  u l f l w m  b v e  r i lurler .m.Jy\~s fr*tltly hul this clnly ccmtqrurr s l r b l  lu)Inlr wttlt uun ln e Q*r$rue u*l 
the numhu of strams u aputcs  ~ ~ w n j w s d  I\ l ~ r n ~ w d  11 Ir p l c r n M c  to une art trxkycnJ6ct1 r n u l t l v m  W w l t u J  
p i r h c  (r y M S Y S  p MVSI' Yluu) u1 uuJy~ ruhma urr &wi Mtna p g r w t u  hnvc dau envy fadlucn hul 
rxpncncr has *~wn hi m ~nJeFndenl ~ , d m e r c  c g t r r e l  a Lnus l  u the hcrt means of prcprrn# pnnury 
dau 'Iluscould then be tnput J ~ r n U y  ~III hc (XI)~LUII IX rm LIMVQIOJ UIUI un AS('II file ('IUUN d y ~ s  u dlnr 
In  two sages (8 ,  p c m b t m  01 d mama d <er(ficmcr, and fh) pctud clunwr m n l y a ~  m r c  arc tnmy J ~ f f m n l  
ccldYihtna and ncc)uds rdcluhmng uvlUhhk One f;rm tn (hc chcmu tr whcrha h n W n c  v d u o  wlll be mlaa) 
i l ~  m L w g  vdum IU mated iu half WI(Y vLL(wa hctwern n c w v c  ,urJ p r a l v c  l h t n  dqradr m lhc atatmid 
~ugram amlahk The 3uthon uss urn* m r ~ h u t g  cueK~mu tn the l rmvr cdu, and &I ldun Jbanec 
c~xff~~rwnts m lk IaIm with Ihr Uqpnpd Pmu M c W  d Analynlr (WIPMA) 

Bbtk, R., r*i S m h s n .  A IW? I W f i c u r t m  nnd c h w r u a k m  d I ' r r d r m m ~ r r  rcrbn*rurum uuw 
lncohdic pvlib; P a p  1?4d rn kmrnnl W 9  ( H m  (i.1.. md Hapward. 4.C.. d r  I A('IAR Pnrmln~t 
m. 4< Cankrfa Ausaah.  Aurvrlmn Cenm kr A m u l M n l  W*rm h 
IIM, R.. ntwi S M l m m ,  A iln F%% I A ~ p c ~ r a n l c  k W n J  n k ~ l l ' i ~ n  rvacnlr fw plant p&hlklyy *hn\lum 
i~- wmpr*tnp thr Ratby mctkd Plunr Purhtllyr d 4 
Bndbw, J.P. lUnl l n i b ~ n m  arul prd~rn~mr\ rullv h m ~ n a  fnnt p l m  Nrvtcw IJ Plunr P u r h i ~ l r ~ ~ v  4U. !I ). 
218. 
1.cYlw1. R.A . ;uul 'ilud, It.):, lYK' bktkwl~ ttu th 1)tuynrfitr o l  Ha~cnd I)IIOLU?, oI Flr~ l r .  Otl~d. B k k w r l l .  
Isolation and Identification of Pucrdomonas mbacmmm 
('ollertion of Samplen of Wilt-Affected Pbnls 
1)tuc;cu.d pliull\ wHh t&lg hut wcll.tse&hltslahvd \ympllmr &uld hc wlatrd Inl~~lhn ~~ h. r an c d y  r t q c .  
h l t r u  u~i*uliuy w~v;rLrm ~t11mtte &% kr:tytny 14;mf ttru~e 11 15 ,dvt\;lhlr r~ ~ ~ r l l t x ~  4 w ~ u d  plnnl+ lnnn r v a a l  
11IcV wlthm bk. hcu. ~wnflrr ;rrr pwkcd lnbl pqui  htg'l nnd LthekJ vllh Ik @,LC a l  &C ttl LII~I~CIX)~. IU~CT 
uvlul  mltmnntttw~ rwh I, htw. vmcy. grc~wrh we, ck 7hr tttnr klrrccr~ wnpltnp ;ud fmrc-.<tn# .rlrwld k 4 ~ 5  
r tun I&+ pauhk Ihavl~ne. 11 8 %  tmplrulru l h t  ~pn r rd t l n \  In Ilr lahr;~rwv iuc &wr. Mim \;unpltn& 
Isolation of Pseudomonas solnnaccarum 
I'~rull#&nutt~~ri tolun'r, ntrum b.111 k ur~ l i t~ id  lnwn rlr IIIIFLIL~I ~tcnt lnr~l  01 ;I u~ll.sHet Id $h~ hv Ih( I t ~ l l ~ ~ w ~ n p  
fmwdvr .  
1 ('ul lk k'nlerlud ~Irttl/riulc tn111 I.4 i l n  111ny p~cxi? 
! Wmh t k w  ~htn~uyhlv 111 amk w'acr. iuwl fhcn (1) thccs tm \lcnlr. hltlclmp [rqm 
1 W m  the mJ~vi$a;J uettrinrfl pwita% In 101 ~ u k r  LIWIIOPIII~ 5 ~nl .  CII rtcnk J1u11k.d walm W~b tn  A JHKl 
tune. h s  a r v  am urludlv h. WI III CNIC Inm thc cut cnt% 
4 Aftn 1--i tntn. #&c u k ~ f l u l  111 ~hr. h u ~ r n ~ d  urqnlrtcm .and auc;J, lhtr inuo im ;~ppnyn:uc a@ mdurn 
1u.p. ~ i - r c ~ w  wiw .wiu (SPA). tc~lmrt~ltwn r.hliw& .IKW tTLCA1l In wm 4sk r .  and t w d u 9  Ihc plttr* 
;I1 ?F..al T'. 
I (fiwrvt Ih ~ t t l m r s  (11 I~IC hklcnun~ .titer 4W.72 h ad I ~ U ~ U H H I  
N.0. : SI I I~~ ci&w&c\ ,m mtru mil) ithmm.ll hy ~hr  4-mnl; rnelhml. A smiil h)(101 k lmd m ~ n m  
la y~limd t ~ n  tun' e u k  rd ~ht.  pcln Illrlt. T k  kxlp Ir rc.$t.lunltr*ul. c ~ w k d  own hy uwchtnp the malrm. d 
Ihm. I t w  yv drawn %na$ chr \url;rc td ~hc  lncdlun awn) Inm tk tnetnal uwulwn. l l u a  vyucwc- 
hlcnluirwm. c~~rl lng. suriJ;m$ ol p v u ~ u ' i  tmrulurt~ Ir wptwl l  to ~rhkvz md dtluacm ttI the t n g d  
tnkululn 
Dcltmwm mat*& b v c  b t n c n W  cm cLrtnucn In u ~ l .  uung wa~rc iaurc  m a t h  
S e d  nnrelort~re mnlin arr wnahle la rullplum nn3 ~nvwlh ol P r,~lwtu~r.wtrrm k an SPA. K~nu'n 
hMNn II ( K B A )  Md T7CA Thc tuHnplarti~m (I! thdp nudlR;r I()VCII hlrbw 
I .  Sucrusc pcplcme a p r  (SI'AI (Hayward 1W) 
('cmsulucn~t con p L ' I  
St~.nar 21 I 
RpuW 5 
K @p(.J, I )  ', 
MyS0.7 H1O 0 
k w  I T  
pH 1s :!djuncclt~~ 7 2 7 4 u q  NnOH 
2. King's Medium R agar ( ~ H A I  rKinl: ti al. 19541 
( ' i i n u ~ t l m o  1111 y 1. ) 
Rtww ~rcplrmnc I I 211 
K,lW), I 5  
M$SQ 7 HA) 1 + 
Glyceml . I 0  ml. 
Alw I5 
pH 1s mijuacd to 7 : u x ~ ~ ~ p  Nd)H 
23.5mphmyL 
telrvr*um chluidr 01% 
Mt Tdnurlun chLxde TKI u ;dJcd o 1 m l  tI( a I~ha-rca~&& 0 54 vJga pn I W  ml d 
l n u l l e n  n t e r ~ l ~ r c d  m r d t u m  ( l i ( l"C1 h c l a r c  p ( ~ u i t n g  ~ n t o  p c l r l  d ~ s h c s .  
Tc~nut~ltun r h l ~ m k  ynr (1Zc.A) Flutd~~l wh~lr . ~ ~ l ~ m u . ;  ctth pmk ccnlcn 
- 
7 7 f A  17 u . d  ns a gcmml gmwh wJ tsrlillrw n~dtum far I' solono mrvn I t  1% b~ulnhk tv &fnsrubllc 
WIW kthmy lyprx (whttr wtth pnk cmkn) fnm low vinrlcncr muwla ur nvirulcnl m u w  whi~h m y  occur m 
sukuhmnp Mucant rc&uueh usually u&c up chc lunhvrn pJud LII rrduLlnm 01 tmr)hum chk* 10 ftnn 
th.q, n d  L ~ ~ Y ~ Y ' E  
Selective Media 
Sc\rral skcttvc lnnltr lor Ihr tplJiuwin I I ~  I' IOIW~, mrnm have k n  drvelqxd (Nenntth nnd Jcnbns 1979. 
K ~ u r n ~ l L  snJ RudJmhpen 1972. ClsMlla hnd Squern 198 !1 nKsc t d a   an &IUI I(? WUS fi ' A; m l l l ~  
su~ehlc (mi) Itn twain rmuns In gmenrl. thew d u  m wful ftr rroltrgad and c p ~ d a r u t ~ I ~ g ~ u l  midta uf Ihe 
wtlt piuhogm, lhcy tnuanv p b g  duwncy wJ &we rnlcrlnwrv fnnn s;rcnphyls wnl mnw*gan*s~ Fu 
rliy~~w, thew I& rbould he u r d  in L7WjUI?€U<WI nrh n o n a k r f t ~  tsc~lsuon maLr 
Other Detection Tests 
Smh~gual u.m hDIul un y r ~ ~ f i  m ~ g r n ~ a n ~ ~ h x f ~  m t t m r cm xdui hc wed IU &CCY tk tParnum 1n tnfstad 
p h l  mxuer luvl A. Ammg the vancws pnJqtlcal teas. du m m u ~ n d m g  m a y  (DIBA). myme-bnkcd 
tmm-1 mq (ELISA). ant t m m m  tkmvl rnMoswpy (ISEM) re lnost acrrcd im dus purpose. 
ISEM qu tna  rrum ttr hn drcmn munmyr. d hac arc p r u b h  tn hPndLDg brgc mbm uf samples. 
E l l S A a d * n a r t ~ m a l ~ m t s a l l q l l r c d ~ c ~ f . I n l l c v t k ~ i ~ ~ d D l B A i x n n m d d f t c l J l  
t)a ELISA. harur m*erub rwl rrryma qurral k r  chc urn uc mu 4) iivulahlc D t 4 A . W  *rQhrclb 
cm.L~h.ualk~~t&vJt~hp(in(rt~.hu(lhcu~mJcvclylln~~~wMIca~rmylmbJ# 
I*nml 
In mnn yu~. rcwnrl unpk mutlre.  uwl myhlv q m ~ l c  CLISA\ IJ I' rrll~uurcrurvn hnw hrO &urlopal. 
umg  pj)rkwurl m l  m*wlrl~ad intrh*drr hc hutrnum Ilwr J c t r r t ~ n ~  IK(~S JI IY* q u m  
p d ~ c . u l n  tx iulturc (11 Ihr h;*tmum Thcr wr mim r i u l  rnlm unhufvc Jnl sunpler 10 u r ~  dm Ih. 
rcm~ntwmd c*chun n r h S  Scvcml pilnhmal id w*~klmal ~*mltlh*lrs ngaura P wrlumtt rurvm haw hrra 
pfudwaf m Lnhr~lurm a! Ihe l l n ~ w n t v  of i t ~ w u ~  tl9A t h f k i l t hn rbd  Unpmmcnul nruncm (RFS), IJK, tk 
Innlame d Plwl Pnrrnllm k p n g  C~UUI. .and the Inkrnmawu) I'IIIMI ('rnla IWu Mrsl IJ tlww r n t l h c ~ r  1rh1w 
Lnas ~t ; r lam\  wirh sevrr;d LII~UIV n.1mt-d h m t ~ ~ u d  S ~ K L  (C P P IL:YKII P pit  ~ F I I I  I' 'rpatru) Fcnne b h l y  
r p r r l r ~  ~ ~ v u r l l n a l  l ru~hd lc r  pn*kxnl at Ihr I lnlrcrr~~v (11~IIIWIUI i i ~ ~ l  the RES I i  mu thriw anv crrrsr m ? ~ v l l y  
w~ch c)+u hacchll $pin!\ (Kohtnwn lW4 A l v w  CI .I! IiWO 
El ISA Ir m~w k lnp  *k+d Irx the ~ l r t v l l ~ ~ x i  of /' n~lrrnu~ rurwn i m , w ~  I$  l a  s~npilk~ly, uenullvtty. qunl. 
I& h hrhiuv rl qmt l ly  p t h ~ k c ~ ~  h m ~ w  tn plant 11r~ura wl <*ha l?uunac* It I# J d l m t  Ivwn the ~Lrrrknl 
rnJgral rm l e v  Ckhlcriimv Juuhk d~llwton IW) In whnh tmn!unclprmptm tcvutm irc uwl 
I m m u n u ; ~ ~ l i t ~ t v  u rni~ynlmd ~hnr~teh the aLlr4m 111 the .mxuwlrd cnryrw I,hI (WI II sulWht whsttalc n*ha tlun 
hv t h w l n g  ~ l w  f ~ m u ~ m  nl rn mu~l&le .~n~~ptn.muhnly ~lmbplca 
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Serological Tmhniques for the Detection of Pseudornonas 
Background 
Antrhcxk .Irr F v m  m<~krulc$ l m d u n l  nrturnllv hy h r r h y r d  ~xgvnwnh agimtl crmnul "wm WIT molaulrr 
'kx "mm %IS" ~ h ~ I c u k \  .uc ~.dlnl  ;\nll$enr mud <.In L J r  m.ttl, d l t lm~ i t  llmlls wh -1% Ilr r$nII~lunCtII\ $ 
h r tc ru  btruat pI.wt ptIkn\ tr t<urlgn l rd h k ~ d  LcII\ Ancrhd~c\ lo ~ ( ~ I I I L  MIII(F& nuw hc p d u a l  hy 
~mmunl/lnp w11h .m .mt~#rn .I w'um-hltr&J .u~lrnJ uruullv a nrutrc nu t i  Nhhll d t x~nr r~ tu l l y  n b#ct 
~lunvl Anuhhltn m t h n  ptrducd hb IIK ,~nlm,d .ml wk.rwd 111ttt 11s hlr~1Joucm1. Irtal xhkh lhcy m y  hc 
h*munl 
Polyclonal and Monoclonal Antibodies 
Ant~hudw~ nrr yx~r3ut-1 111 8 Ibn~phx* whlrh rlxnpnx .1~1(~1al11liI(~~y 4 0 %  111 Illc whllc hkrd  1~11 URMI M the 
[rnphcral ~UcUl,duW crl rnunmith lh sc  H lymphcrylch m J a ~ v t d  witly lnwn t h  hmc m m l w  ~ruuntur and 
hive anuhdb rcteprw\ tm ~ I C U  u~ulrwt. url~dly $11 IIIV ~ ) ~ l l f i c t t y  WhPn ~ h c  H l yn~ l~ lu ryk  ctrtnrnkm Ihc  MU$^ 
ngnrnnl whKh I[\ .mtrh*lv 1% d lmad 11 drllcnnttrs 1 ~ 1  u p l m r  tell whrh lhcn pnxkhc+ In#c rurlurnlr td Ihc 
anuhd) Anl~gens m tnmpka 1n111rr&r tx irrgmumr IhuW1.1 vtruhcal nnd mdy hnve mcvcrd & N t  lllcn 
crgmlwl w l ~ r ~ h  rcnuhuler m,a) he q w l f d l )  Jlrcclal Aa n fault, n nunlha (IS MII~U~IC~ 01 d~Slcr~nI q*rrricaa 
will hr pndwal  even Ihugh 1wcrd1 &icy acr d ~ n r ~ e d  ng.unvt h e  w u  dnllpn h ~ ~ r h x l u n  lmYlw.Ed wJI LLU) 
hlvc h l f n c n ~  Yffim~tc~ (IN H HIVCII .mtwn 511 w t ~ n  1 vatch~~tc  I K ~ ~ U M  pr~dacs  tint~hlYLc~ quna a glvm 
mugen m(. i\nt~hdws h w  d~fferrnt y r a l l ~ ~ l n c r  ml .dlmltm I c the utnmunr rerpmw tr polyckmul Thus, d 
,m mmnl  was ~mrnutu~zd wllh an .mlrpn .md hlul, du rcwhmy hknd wt& kc ~IIYIYLIOMI ilNj WWW bUUUn 1 
mu III mutndrb k) the anuyrrl 
Mcnultmal n;rluhtdy la.hndyly raw dcvcltm hy Kl!hlu i(RJ Mtl.wn m 11/7J. nrd erwMch ~he.p)lycbnnl 
antibody up bs dirucc!cJ mcn the w n  d lu, numrcknd pm. Thc p r i r ~ p k  of m~mtcknul vrthldy poduclkrn u 
rnmkably rnnpk. ad in tsPd un the palrrtnn nd wleclim d i m m d  mihody. pdwing hyhrid ccll UN. 
derivai born ht fu& of mtihdy-podunng lympkcylrx with n immmd mycbma cell I&. 
InJ1rmm~.tkrrnvnvrrerol~.pulruy~dk~nL~wbTbmbC(FW)YF(JlllfmEdts 
f u d  wtrh u myekmm lrno Ihr* flaw a mbmd by pulyahykrr @lycttl and bndhyl &or&. rrd u idlmrd 
hy tncuhnlm in n ncknive Rwdunn, MI &#my !he uduad ds. The mdltrq hytmkn\a crn lhar hc ' c k m d a l *  
ah1 udrvdual molxrly.prrwlwuyl Ims d rm rpurslicny mJ tmc f l t ~ t y  Thaw 1-ll lua n unmrnnl m ccil 
culture IJ tin thWwc. lw mjwn vrleltnwly. -ma: lyy mum ol a ~ t v m  mhndy  Scmc t m p m  
fcsrurrr pJytlrmrl md ndnuwrld mlMnx rre ptnn ui Tnhk I 
C n l  Low ln~tiJly hi* 
Vuiohlc with ; m i d  nrd Swvinrd llnexpcud 
hncd Piuud cnw unnr-reslnms may 
ruccetns wtlh cnmm~m I K E U ~  
ddknntnunu. Se&m~ 11x1 Mu). hc u * ~  spctlic 
w l f ~  
Up lo 100 pg mL ' a 
1 uhurc ad 20 mg ml ' In 
.1SClt(a 
None In culuur. IOU 
in witic flud 
Preparation of Bacterial Antigens for Antibody Production 
B:w& mugem nuy bu uhxllulnr. inumaUuh u suu~tunl; lhur hicrhuniarl ntwlr may bc pmcan. 
glycopnncin. p r r lvs r *~W.  Iipynly~cchPriJo u bid. Lmmuncp pqamhms may herdm consin of whok 
&. cn& ell t~mwl): u plciTd hwrwhl ctmptma. 
Um#uM' kMal LC& p w n  cn wbd a & hnl* media CM 1* unl6wtly as ant~pnu T k  b c n n  m tmwt 
(U 244 h Ihm w a h r J  In* w k c  cnns tn OOlM pturrpwr Mcml uJur IPHS) hy oarWu~lllcn tuul 
rcarrpmwn Mm m u k q  
H a t a u * J :  h Ima&na Jmnrp nuwa prm, lhux pamriltn# mmr Jcpm cd vlcr'~iun tIra uUhlhyJRlc 
mgam T b  may k Jc*w by CUM pl;*ng thc w w l m l  ccUr 1n n hrlvlg wp~thuh lu 2 h. (w h) w h v ~ n g  lu
? h 
f~luPmldrL~&./Lml nu\ 1% pnhrpr Ilr fmta uwlul .uwl mwt trcquntlr u . 4  nntlycn tu nlll only ckm h ru)MIlm 
the ceU wdll hut a k ~  dc~rr.w~ trrrlilty (11 unnc harcrrull yrnlcl 111 UK hml n~lnul  Autlcnd trlb Me wuhcJ 
thn* Umeh In PUS Nd &.JYIE~ qmnll( 2(X filu~ntkkhydc hx 1 h UL nmnn tcmpnnwm Thr lcll$ m tho1 didycal 
@mmt PRS tcu 14 h wnh u v l d  ~hmau\e~ (4 huna rmwuc rc\dud pk~uorklchyk 
Crude antigen ertrvcts 
( ; t ~ ~ ~ ~ m C i :  dN.h-rdrl hj~erti11 IUIIWCL wt hhakcn in arnk Ju~tlW wuer hn Ill mm and chc ccllr mnod hy 
cmvllugwm Thc supcmlanl. wlu~h unuuna a lnlrtun ol pnacrn* ~ u f  p 4 y . ~ c l u m k ~  lnrm ~hc ell Max, ia 
rhcn ;rllusted h~ PI+ 7, mtkrd ctrh ;ut cqwl +olulnc td ~tlur:wI urnttwmlurn nulphatc, 4 held ovcmyhl n 4'C. 
A pnrip~cau: Irnnr, w h ~ h  un k cc~llw*J hy ccncnfug~t~y w ZoSlKt R krt 1 5  mtn. Thc pellet rx then dirrulvrd In 
ucnlc durllsd warn m! dtlly/r*l ti, rcnclvr WAex ol iunmtuuunl sul~Jwc. 
Purified bacterial cunipimmts 
Purif~slwn of many antigens such a I t p Q p ~ l ~ h i m J e .  rthnrm)~~. m t c c l  etu.yma, mctr~hnmc pnncmns. flslllclla. 
m, i s  fwn\ihk. hut tn ly  111n1ed use h a  been m a  cd ~ h a c  mmuncy(mr Itn m y  m pluu ~wuhrlol(y. 
Produetion of Polyclonal Antibodk 
Mort poiyclmd antitdies am p&cd in rabhrlr. n o u  pndwhm ~x nLuivcly rrmpk a km& iu the ala, in 
nnmuytnrc.  Bsdaut arc hrghly bnmwenic.  d a simple immunitnvm r*ulpmmc wch iu thal deulikd b c h  
un help puluc p d y c W  sera of a vrry htgh tin. 
2.  Wail kx 4 wks md unmunirc nm &vc. hut wnh dw ntiw dsifkd in Fmnd's umrpk* 
~ P ) v M ~ .  
6. Tm [he U I U M ~  llvc ol h e  rcrun~ hy che ervytnc-lmkal unmu-I m y  EUSA). If the um IS 
rullicrcntly hyh. cwunue blmfrnu m l - w d l y  aunillr. a h a w t e  nprcl s k y  2 
Antlbukca itre rrmuurnl ro a hnud rrrnge nl mildly Jawmg cttndtutm,, mkmp Img-lam a w !  reUvcly  my 
Thc tmly prublrrn ~tmmonly rntnt~m Ir ~ t n w n n m w l  wlth haurn tn lunp !,nh can he ovmcnnehy ctther 
I t n w a g  In alrquuu RI .2(1'<'. t~ 
? rJdt~~y kh&um wnk UI 0024C und sttnng a1 4'C tr 
1 M$ glyrmd lo UM iud ultnng at 4'C 
N.R. Anthdy u~iuumu nhtwld nn~ k fnmwn nnd h i w d  rrpciltmlly, a\ 011s can W to h 111 rl lvre,  hccause 
Ihc rrnttbudy wprr?pitc$ m l  ~ h m f ~ m  h h ~ b  the ,tnugcn.htndrrl utn 
Purlficatiun uf andsera 
Fur nrvetnl Itshequa. pwrfic~itm III thr ru~tihody is  n q u i ~ d  &ern am many mnhuds IIUM ccJd hc uxd.  the 
mar c o n v 6 W d  h a g  prayril.%ilicm k11Uow4 hy column c h r c m ~ y n p h y .  NdW d ol, when d don, will 
ctmpktely punlv the Illihaly, hut if uuJ tognha, a nlillivcly pure mhhxty will result. 
A m ~ a l w  rlpbk IrsdpbUom 
I. TI) I mL I# nntliaum, sJd 9 mL ul dtsulkd wltler In n 50 mL ccwifuge tube. and m u .  
2. Add l o  tnL U( salUMLd mmmtum wlphme dwlwon, and l a w  w morn tanperam f a  min. 
3, Spur a! lUW p Cu I0 min. 
4. Dixanl su-1. Md &ah tube by hulding 11 upadr doun on a tieuc 
5. Relwdw p e h  in a p p x ~ I y  2 mL d PBS. 
6. W y m  ovcmighc ayina s e v d  c h g u  of PfiS m canplmly remove che ammonium sulphr*. 
~ A & b b W i l ~  J 
I W a h  DFAF.tnamr w~th O '+M HC'I and (hcn O *M hdNl f ~ d h b m l  hr 211 w~lumw~ of I (mM Tnx (pH 
8 0 Chnk pH and rcpc* the wuhm untrl UIC pH tx X 5 T m l n  thc n u n *  61 n ccdumn uuw 
n p p r ~ a ~ l ~  2 ml nl ua mvru f lw wh mL of r n lm  
2 Ihnlyrr Itic m m  (or m m t u m  rulpn punrsrl .ull~hrlurJ ~ . L n r c  lhnr ~ b . m # n  1rl1Il mM Tns tpH 
x 0 
1 bli ~hc muhdv a~lulnm Jown thr ccrlurnn Wish thr r~~ lumn w~lh 10 hn) v<llutnrx I# 10 mM Trtr 
(pti n r )  
4 Scqucnarlly r luk chc ~ tJunn  wtth tncrcmwg Nd ' l  ~ tmtnmtumr In tk ralglnd 10 mM Tnu (pH x c) 
hulfn Thts can tc bnr watt a pnlunt mnkn IW h) rkp h d l m  Mint IVIII~~IM will cJuh wtth MI( 
coiucnerumr k k t u  T(l l  mM 
5 k w m t w  whhh fnrtnns c-lnwn thr unuhd) iud pu)J ~o#nhCI 
6 Kcgcmk tk munr h) wnd~mg wllh II 3 tl HCI +w1115 M %&I( 
Seroiugicvl Assays 
fhac mr x v d  dtflnr?nt m ~ l o p r , J  m a y s  dl wtth lheu clwn rrfvunli~yrrr i s 4  &awlwlnyn hccht#u! hprndr 
tm w h  cmr nquu~x frlnn thc , ~ s i i v  ymd.  LC~%IUV~IY. ~ p 1 1 f i ~ 1 0  c11 
P n c y ~ u  mfk& In gcwxnl, uduble mehul r t  rurdhrr mycu d ~ l l u u  mdcpdet~i ly lhmugh a gal. u W y  ul 
agm (Oucklcny h h k  J f f u~ rm i  W k  thr: h r ~ m c l l o ~  ~ l h d l t g  and mltgcn mcx( In ayutvdenl ppcwr.  
a p s t p l m  m l u a  uuun, d n i h  cnn h ratn n% t h  Rwmalum 01 n whlr pmlptlntr Suh lau can drl hc dmcc 
in l ~ q u d  (nng pratplltn LC\[) hul chey rtrl to ubc Luge volumcs of wnuhrdy rud un ~ J l u l  dtll~cull hl ~lhmve ur 
htgh drlutunr 
A&&auUoa I U I M  k ~w hc d* r t m p h  of dylrwnrlr m c t M  Bau4ly. a d n ~  ol mug%? I# plud 
m a all& and a dnrp cr( npsrfii mtborly t r  adbul A pcnrt~rvc rtacium tr Mlen u rhc clumpng uaaha d nlip 
and 8nhMy U n f m l y .  ftn n r r w w  to tnkc p k  a htgh u m u a m  of mtrgcn 11 r q u d  S~nrblv l ly  cm 
be uyxorrd. howeva. d Ihe nugen ur mludy t* ruu Phurhaf unto a lrp psnrk bkut  ceb. 
ih&ophas k r  pawtea anl hslmu) The Lwge ccUs d tk h n m u m  S ~ u p ) r v I ~ ~ c ~ ~ u r  uvrrvr arc @ly 
good. ts k y  sr castd r ~ t h  a p n n n  (pea A )  whrch hvdn nprfrcdly !Jw lgG d e c u l e s  trf Ihc mnn Such 
prudes m by rnpldymg tk anaparmbody m c u m .  rr lhcy slu clump lol)dher 
Enzyme-linked immu~lsorbmt ersiys (A) IIILISA. 
ELlSA nupp ti& 11 vincty d hms All ~ r f  h n  mvtdve a pkar muhr wclkd p k  f i ~ ~ ~ u l i y  ocslal 
us tha~ ~ h c  u u t ~ ~ c  IJIthe wcllr v~ll huJ prutcrn a h u h  pH Infnwl plmt EmlJn dnuld he & ducnl!, m 
II hl$h pH huffet ppnlnl rnrr [he wclh; and u r u W  The mllpcn wtll dm hud rb bu pbuc M m  cunmdy. 
wcUx wc Ilnl wad wnh rpr l l l c  mt- (rnlaal In hrth @I ctnUn$ Ma)  whrh u lhcn uud lo uap chr 
.mugcn when vunpkn we plad III lhr wellr SIunplm a m i l d  m a Wfa u pH 6 7  lrr urhdwt hutdnp rt Ihe 
pLwc Thc mogm IS lhm dcterwl hy a w tnd  m i i l u l y  lmked III m m 7 9  (rlkaltnc -tax hoFandah 
pmnlllas, p c n u t l l ~ ~ ~ )  w k h ,  when 4 ~l~lrrhlC tkannal wbww e added, chmgrr clJRP SI h r c  will he a 
~okw ~ h w p  In ttnwc w e b  w h  lhc mllgcn n prcvnl 
(0) t)lUA w I h  BW. T)K. U n  Invnunc~luulmp A m y  ~b MIIW h) U l S A  hut ~ 4 ,  mpkx M q~Whf dl(etllv 
onlr~ II mzcnhmne, usunlly of nttnrellukw IN nvltm whkh htn& al l  pnxc~ns uuludrng thc m u m  er lhc mp m p l a  
dry 7hr prrrrruc 111 the mugin lh iwnm dutnlnl uxlnp ,u, n n r w m  lrnkod to .in m7ym 
I m m u ~ a a u r r .  h ~ p w l l y .  ~mmucrtflwm!ncnr u used 10 LKW mupcnr tn Wuex wJ cells Im6d t d  ulng 
.w enzyme lMd rl I# rmllhrly u) drwl tlw mllgen, II uses a flunrhnme Inked to IUI ,innhd! 
Ehzyme-Linked lmmunosorbent Assays 
In mtnl c & w .  ELlSA k the a=). t$ choia fu h e  mwning d inkclul plyn( mpks fax PsrvJwumu 
~nrlunur~rum. RY it i s  rdatiwly rapid Mlt smsitin, and nquirm tmly r IIMU tutwunt uf wpunlicd Mlibafy. Aim. 
rcs it is  canin~J nut in n micmria ph*, n luge nmhu ol samples can he sererntd a! once. 
VarL(kYM 
Thzn we a d e l y  o f  ELIS As avllilnMe which Ma in lheu byout: m c  rely N lk W n g  of mum to h e  pklr. 
clthm an Ihc hinding d mtihody. 
DAS-or .kodwicL EI.ISA: lbuh lc  Ant~hdy SmJuuh tl ISA) Tlr 11ht 13 Ivhc ilulnl ullh a gnidk ~ t l h a i y  
ti) c m  tht antI$m Thn ~ n m t w s  th- mnsltlvl!y t r l  tk IC\I It tan le d m ?  r w  lnrlunl 
P(rb'), ElJFA 45 In ~hc DAS EI.ISA. tlw phtr Ir lud ~wlcd  utth thr ~uic~h~d),  hul urrlrmf ol uran8 hr w b k  
mahrlk tmlv rhc I.th'b, prrtlr,n 1% euJ The rl<uut a r h r l \  uwd u hrrscwr vl*k I l n l h  the r t h  ELIShr. 
the emym uwd h m  L* ccwpkd 111 A l h ~ r  huulx ri rht h pnutm ~ r l  tC ~nrrnunrllkhl~n nuJauk wnl 
thm ~ v c n ~ m  Ihe prtrhlcn~ 111 cnw rmtln$ w~th thr l ~ m  nnuhatv 
C'nmpr(itivr Rl.lbA: ( ' m e d  our 111 .I wa) .i~~n~l,u p? tk H ~ O ~ F  1.1 lSA9  h a  an mhlh~t~w tmtr#zn u lfulukJ nj fhul 
thc m r n t  ~d ntlgcn F u n 1  tan hr ~CIC~IIIWJ 
~lc)pla d I L ~  1~di t -w eusA 
For tho detection of P. wlu#uwmum in inlmed pl.nt and rail umplcr. tbc indime 
W A  bu k e n  hound to he the mart suitable. 
1. Plan1 extract adsorbed unto plolc; incubole. u 
2. Warh plale 
3. Add specific ;intibody; incuhatc. 
4. W ~ s h  plate. 
5. Add enzyme conjugate. 
6. Wrrh plale. 
7. Add unyme substrate; obsem colour change; intensity 
proprhnd to amount of backria in plant emad. 
I M*mc r I n t u n  mwnl cd mU?rtd IIW I 1 n PH\ 
! Alktx 111 a n t  4 rcmw ~ q w n a m t  [klw 1 10 I 3) la rcMul# hulln 
3 TIM rk wells 114 a WIL& mwmlm phc W I ~  thtr %~lycnwl*nl. urtnp I I X I  (11. w d l  ' Ilwlulc pluluw 
and negawe nmrnd5 
4 lnuhrtc m d rnlrrl thnnrhcr .u I?(' l r w  I h IN cnr-rntph~ UI A'<' 
5 Wmh thrrr IIM m x&tnp huncr (fhtk rwl tnnpdrv mcllnlrll. Icavmp in Irtc { M g c  I w  trun 
6 A& IIKI p1 ~d a p)l\rhnul imnhrrf) c t l u t l ~ u  x ~ r t ~ n y  ~ ~ r u r n t r n h t e  In hlcnk~ng hufln 111c~rh wall 
A l c m u ~ r r l r  w numkhmd wltxr fy .mJ ,<mtm!u n* ah lvc  hul ssb m11-naurcr rucjuyatc 
7 I m u h ~  lv#l umh n'i In wp 4 ~ u h l *  
8 AIM llf) liL I I~ xrrtmd itvc(1hnJy IpntrxKtuc t~my~p.tlrrl wlr n h b ~ l  (Srgm ('hcm~d Co ) I .  &hub4 
I ~IUXI I hla~klng hullrr I c i  riwh well 
V l ncuhr  JH] u.nh &\ in sicp 4 .UIJ 5 
Ill Adrl IMl pl  ol [ v r ~ i r h s  ~uht*rtr;ur II 1 . 5.5 lclm~~tclhyl hen&ru) llor wll knvc nl num 
I~npvctdWc unul +I rldlnr thimpr n t h v n f  1'1 10 rrt1111 A vcll(~w <clkw c k v r b p  t w l ~ n t ~ n ~  Ihc 
terntm.lacn I$ ~ h c  tc;wttnn 
11 Slup Ihu rcir lnn hy . d i n g  ?$ S III \ M f i r1  r) c.r h wcll 
12 A\y]r\ m l l r  rtsudly IN muww t lu ahuhuur II~I #I yralnrphcmm~cln a 4'4) mn 
I1 A p n t b v r  foul1 I\ ulrn ,w thm unwb ~k tnc.~n 111 rhr netnuvc i c m u ~ ~ l  
Mol#)oln lor Indir*cl E1,ISA 
Mbl N K I  
2s KHYO. 
14.2s NahrPo,. 1 2 H p  
21 KC! 
Mnke up m 11. with &ailla! w a c r  
l ( lhnL 1 0  x PHS 
SmL IOQ T- 20 
W e  up kr lL  w11h dirctllal wirler 
ItKbL 3.3' ,5.5'-f umnt\hy\-henzidihc (Sigmd @ I\hn@inl m DMSO 
2 5  Jo% IiP, 
I mL 1M ndium acetate. pH 5.8 
W c  up tn 1 0  mL with cfistillcd watw 
Important Mnitfons 
A d j m m t :  SutaWrt m p r J  w~d, &n m l ~ m  ntuch mwrqu~fml ly  rnkn IW nmrlrlk* lhc crlilnwv mqnww 
ui th* anclgn~ & h d ?  ptdw~un (II lhc twlltm r ~ l  ncll mcdhkd unrntmnv arc mm v i p w t r r \  lhm n~rukJ hc 
thc ~ar  11 thc h d  k%n m j n r J  drnc 
AITlmly Thc mrnflh (4 tk mtrprn.anahdt cmcractmn Ihc m n g m  ~4 huh h m r t l  hr lllb wvcn~ldc 
tntembun k i c t m n ~ m  the mc II~ i u u a h n  k c w a n  itnc~hrl, ,mJ trnt~ycfi v m u s  t h  r*r C I ~  Jcru~muln I!I#L. 
dfinfly zuu~hdm h * c  r t~ipho rur II( A~~RI.I~MIII 81th GW ,uItlyen. id hnd tncm m l y t ~  than lac-nlrtn~ty 
aM~hdreh 
4ntibody: I r n m t n ~ b h l m  okrul< pnzlwrd h) nn ,ulmmnl'% H I \o~ [~ lu r )cc~ in t q w t u  III tm anltgeai uunulur 
a d  c l y h k  (II h~tuhng CI NI nnuucn 
A n l i p :  A suhwnc. s ~ u ~ l l y  prkncln IU pJylirchMdc. L ~ I M C  tJ cluctcng pNJwlun ~ r f  x(rrfii linuhnfm und 
r ~ M c  u l  npnrlrtallr h t d n p  ;vlcr#cn. hndrng vlccr nf ivn~krfy mcllctulcr All unmuaWcnr rve nnuyenrc. hut 
nrrc all nntlgcnr am cmmuntRmri 
4nIbtrua: Sourn lnwn an) wrrml tmu.unmg anuhdcea 11) a qw<tfKJ untlRen 
B celh ( I jmpkrf l ra l :  Anlrhdv p t d w a p  ~c l l \ .  l t u n ~ l  munly III thr hltml. lymph n&n uul yrkcn 
('rcllbnrti.X rnligm: Anltpcn ~apahk 11 ~ i m h n m y  wtlh imtchdy pdutcd In n y m u .  11, w clrllcrml Mttgcn. 
May cnw-r-I du lo b n p  trl Jrtamh,uru hy thc twrr muycnn (w k w  thc r n ~ y c a i  dumn~nantr ul wh. 
altbwgh not h l r a l .  .m L kwly  wlrkd ~cnrrhcm~cal ly all * ~ t m h u *  wrh wlltndy E ~ ~ I I ~ I  u( them 
SI.ISA (mlyme-Unld Immu~r*ah** m y ) :  An lrnmwuwliry ayxlnrr emf*~ylng yr CNym hnd I0 W 
mubcdy, su rhe unmvwdqcc pnAx h c ~ c m n g  llu e i r n l  IJ! wtigcn.anr~hrxfy rwun 
Epi(opc: An dnl~genr darm~lrurnt of dcfuull b w ~ u n .  c . ~  .an ukntdid ol~yowtlplnle, IN n ihcmrd m. 
Y W r  d j r v i w :  A rn~r;arrc tJ r n W  tnl iud h $ n  t)u m h c s  unmunc mptnrts when anulurd wttb 
annp fw tmrnwwmm Fnund'r Maplccc 4 u m  wludn t t lbd  m y k c m a .  wtuk Freunl'r m p l d c  
a d p m t  das roc 
H r ) m  Subruur*~h*ctmbuuwhunihtdy,buc~uc~nmmnenrporocuJarnuboud*,  
n can ia  Mlxe ~ n r n d u ~ n m  lnai thr kJy. Mn( hrplcns re anrll mk&r ud c m y  tn)r uw n t m  Mapnk 
J c c m n l m ,  hut urn nucnmiwukr me hqrm. 
HybMomw A uJ1 u cdl lm kmncd fnwn t k  f w m  III n lymphcrytr W I ~  a m w  cell. 
lam-: A ruhnuurc Uw elrtcr an t m m m  nrq*mr whu, inmxlwul tnul the tirw d un animd. To 
snmuk~tc a nrpm~. unmurnlpnr mu# r u ~ m l f y  h: Itirwgn 111 dw munal tit whlch they arc dmniswal of a 
mtdwulru weight g r w  lhnn I(W, id trl pllrln c r  p i l y w l w ~ d c  nattur. 
Immm~bbr lh :  (In) Serum ghhuliu g l ~ c p n w i n .  Thar rn fivc c l a w  11f i m m u ~ k ~ h u l m  IRA. 181). IgE. 
Ip. turd IgM I$(i is ~hc IMJK immuncqloDul~n clam In the r m m  of h u m  Izlnps and In mcat qxr.m l r rm 
~mptuhianc upw:u~I~ 
I a m q W u U a  c h  Suhfamlly of imniumlykhlin~. h x d  em large diffmnccs in Hchvn mml acul 
mcqcyuewe, lyA. I$[), I&, ly(i. IpM. 
lmmrybbnlln rubdmm Suhpr$wht~t*u ed an I# clns~i~ hised em Inem (uh11c d t f l c n . ~ c ~  In the H Ehklnr I h i ~  
w ulna cUBcmc$ nK II chiun ui a rrl ~dmti f iaJ polvppdc tl~un8. 11f the Itniri'hatn u n m * c ~ l t ~ u l m  
mcdwulcx. 
I, &a& I ~ I  CMnI: A p~flypqn~dc ~ k m n  pn.sent in ;rU ~nimunciglt.hulm nwlcnulc~ In I\lo ftrms. K a 4 Each 
ftw rhiun IF  twrhulc cilher lwei K LK ~ w u  A light cluuna. 
M n a r h l  natlbndy: A )umx~gcnous mehdv p ~ l ~ t t t e n  pldwtd hy a clcnt. of antihwly-fmmg wllr. 
My8kma: A imwlaslir B-lymphcwytc cell l i m  whrh s imrntvgl in cell c u l w .  
Rt.roqc: Thc nnligcnconhining si l t  in IUI antibody. 
Wydmal u t l k d y :  A hcbmlyws mlitndy popllnticn dcrivul hi many dons. 
.%a: Bkxd plasm which Joa: mt cmmn t ihr inwn. S c ~ m  is mucc commonly usal than pimma in 
immundir@ical pnn'alm. k w w  h n  1s m danger of a ck* funning when ahw nuwi& am aWul lo it. 
T h .  In ~aobgical rcactnns, n n l N m  m m w r  of k m w n t  of antihvty m an anti- pa unrt volumc uf 
tmgin*l Sam.  The antihdy is . m d y  diluted and mtigcn is &. Saum Im is indiuatcd as the ncipvel d 
the highat muin dilution, poQ- n dimmi& adgco-mtihody rractm. 
Monoclonal Antibody-Rastd Sandwich E1,ISA for the Detection of 
Latent Bacterial Wilt Infection in Groundnut 
Liyurn He md Yunlu Xk 
l w w r  (9  f h  h r * n r * w  ( Reww I(#WU I'evpu r R,pof& $4 I h w  
Antib~dy Pwparatitm 
An 16% prcFyFHom f r~rn~ t k  p ~ l ~ l ~ n a l  .mtwwnr u$~unM I'rrdrlm~sur whtnut tu tw  ir I*$*~ltEd In vmdr. Mil 
prnmal d 4 C Thc nulntsl~nd ~alll~hd~rr (McAh) qmtf~t @I I' I C ~ M ~ ,  wrwnt wnc ~ d w d  lnwnmilk I l w L  
111 m ~ c  uslllg rL&J f m ~  cdurr~ Ilu Mc 4h  1% prcsnrnl In ~1.4%. cru h r~mlmslny 0 I mL ~ I I  c~m jup td  nnlrhdy 
%mpbr& ~ u l  h: r ~ ~ l n l c d  lnnn J tcc .d  IK nn~l l~I lJ ly t rntahal K C ~ ~ I I I # ~  N srwl\ H d h y  ~ c d l l n p  wd Mdr 
should bc uxd as cimudr. SmQ la clan. 11 wcdlmy, ;ue i u t  III~II m:dl p a t h ,  placed UI rmnll pliul* N u .  put 
1nl1) PBS bulfer I 1.1 w l b l .  ptexwd. i d  r*t;JicJ The ~ ~ l i p k  LI r ~ n U l l u # ~ ~ I  iU I(1)Il r(nn I t 1  5 Inln lo mntlvc lhc 
rwllct. and I k n  ac IlXlXlqwn IIW Iltmm(l~ nmow tk ~ I I ~ ~ I ~ U U I I  7hc  l e l k ~  15 d ~ w ~ l v n l  i  ctmfurn hurfn I I : lo  
~ l v ) .  % rrsu~tmp s~lulrtn r;Ut k uxd IIW thc dclrcr~m cd hlmd ~nJcil iw~. IN u ~ w d  ru .2Il*(' I~Y lulm uhc. 
Prepamtiun d buffers 
hd'l X I I ~  
KHFJ, 0 2  9 
Wa.HP04 I?H,O 2'1 g 
KC'I 02 g 
N N ,  01 $ 
hsaivt I b  chcmwls u, &lulled w w  18) make up IIXN, mL 
D ~ u n l v c  rhe fnllowmg chcmtcah m I(XI1l mL PBS hulfcr 
R ~ l y v m y l  pyn~l id tm K.25 t(l.0 g 
rwan 3) 0.5 mL 
1'1 c#g wlhumfn I0 (l p 
PLIS ctmcahlng O.(HaX T w m  '211 
( I I Y I I  rnL PBS + 0 5 mL Twccn 220) 
Dts%ilvc tk Itfflnwmp shemtr,nLc In IIXY, mL PBS butler 
Ovdhun~~q 20 g 
T m n  ?(I 0 . 5  mL 
R j l v v ~ n y l  pyn~bdtn K.25 ?O.U $ 
C h w ~ l v c  &thnrolnmmc (97 1nL1 m ahuu W) mL &stdleJ wutcr, add 0.2 g NaNO,. and adpel p H  lo 
9.8 wllh cwmd HCI Mjusl the w l w n c  to I IXM mL wuh &.M wzuer. 
I C ~ w q  t r l  he lJPar mrll 
h*u u h  b u d  I* lgG tnm prJ%Lmd murnrm w~th  10 mL III rluumt hutlcc 
Add I ( I I  ul. a1 Ih mcxtur m rah MLI and rv r t r  the pl*r* tr&llr 
2 lnuhPrIhcp(ausr i T I t n ? h  
1 Wnh~nr ulter unuher~m 
R m w  hr urlffll~m fnm wrlk url wash t k  Ir(.rtc 1 11mc.r w ~ l h  unsl~m# huller ( 'w fe l  wiuhln~: In rrltcrllely 
impmmt 
4 A M i a m  d lhc GW .cplual In eav*lne h u f h  
4M 1IK) uL 01 drluthi u p  e) c a h  *ell m.1 *W tlu p1a1tvc iml Iryrulvc ~ ~ m v r l l  wnplrr ('tlva Ihr p k r  
tlphrly 
5 In&& rhe phrr :u 4 t;( I t r  IUh (t~nrntghll 
b N r j h  lhc phtex &%nhcd R&~vc 
7 Add~~utn ~dnm)uprcml mwnklmUI .nlrhrdv 
[hlule am. v d  111 I1 I rnl 01 (iwllatcd mcmxkuld iu~llhxlt r ~ l h  Ill ntl uf r~lrljujplum hulfm 
IWJ I t l J  uL I I ~  rlitxlurr u)lutllm to r,wb wrll. . m ~ l  LIIVCI p l r n  l~yhtly 
N l n ~ u h r r  Ow lttnrcr (TI' I ~ i r  I h 
Y W*\h thc phien n, JnrnheJ ihm: 
If1 Addrulm id w v t m  +uhw:lr 
Ihrullre 7 ( mg of p n~ ln+nv lp lnn~r t r  In Ill ml 01 suh*Vddc hullu 
A&l lrKJ uL o l  Ihc enrytnc \uharue IIJ wh well 
1 I 1ncuhPa lcw N) rnln nr n n  ut~ipn~uurc m t h  &uk 
I?  Sly l  he realm WII~ vl ul. ~d t M N10t1 
I 3  Mwwr k hcwtxmr  h) ELISA Rr& ;I 405 nnt. I W  cv.duur v~uul ly 
The rurlwm rr p~stlrvc 11 rln . ~ W u y c  v dw td thr krlul vdmplc tn twuc an hlgtr nr lhc wgaltvc rtmlnll. 
a d ~ o k w s p p 5 n " 1 n w e l h  
Detection and Identification of Pseudomomas solanuceanun using a 
Polymerase Chain Reaction (PCR) Technique 
Hackground 
7hr l a1  Jnonhed In thir clwptcr 1s had ctn the dctccllim trl PjruC~nuaar w~lonut.rurwn hy m p l ~ l d o n  Jnd 
v l d ~ d l t m  rrl pyr 01 thc hxknrm'r gclutlc mlumutiim. Thc l h c ~  IS rrrc.cJI*l fin hy a Lwhk.stnnJa( DNA 
cuculrrr biutmwl chnwr~twmc plus i~(Ln, tne tn ~rnw ku.ll.ri~J p l m r h .  
TIw nuclcr r id mnd hn* n drrrctum &tined by Ow umcnudrm u( rb ch~xyribcnc-phr~Ic hxkhnw Ow 
cncl is v m d  lhc q' wid ~md I)r. rrthcr the 4 '  cnd, nnl c~rpy~np r ~ f  DNA a cam4 out hy cnzvnws wkch ccp? In 
Ihc 5' III 1' drrrctlon. Beiouw of slvctltc hxw ~MUIIIK. 1t ~h' rcqur~cc of rmc ruwxl ir known. lhcn that of Ihc 
<@te #Warn1 ciut k Mucul, nnJ will he yencrianl hy rcrpymg c n r y m  Ln~wn ;u DNA polvmc*. 
Whrn duuhlr-str;mS.d DNA IS cxfxtwd CI tww httil~ng urnpenlure\. IN hydn~gcn hnds hcrwcvn thMwu \trmdr 
w h n b .  rorull~r~y in the DNA wpcr;uirrg inkt 11% IW~I onnplrmunr:tr) slngk sum&. This a died lttnaluml~on 
Whcn 1emlnr;uut~ m c'iwlcd l t w n  III heli~w 711f. r t r  swntls a m  a, m~mhmc,  ytlsitlonmg 1hcmscIW such t h l  
rhey frmn r pr1a.1 twch w11h t k n  con~plemcnury *md. ~ I I V  is callcd ~r~wtifnuot~ ex re-annadrq. 
The Poiymernae Chain Reaction (PCW) 
The KX K~U~I~III w a  (kv~sid ht l d x  iUIv:ml,~$r of c~rt;un Ie i iws that (XCU ~ l u n ~ l l y  d m g  DNA q l c W i m .  
DNA pulynrmws 1.w DNA Inan I punt wlmc buh l r  swnulcd DNA hu.cma stale-sv;tn&ul DNA. The 
enfylncs mvd n smmtll wt ion oIdouhlc.w:vxlec( DNA h ini tkr synthcsls ofn c~nnplanentary ncw s m d  f m ~  UK 
3' Fnd ( I  lhts JouNe Ur.udcd section. 
Thus. hy hcaung DNA if ~rwcffist s) ~ r c p m c  hc st&\ and hy awlding a shvn pieuc ol DNA (lanai an 
o l ipuv laxuk cu KR prima) thiu IS known tit he a pnlsl match l i t  the DNA. !he polymaaw nans capying !nun 
& 3' end d Ihc PCR prima. huh m d s  can hc wpicd i f  n prima to exh mand a supplied. Hower. to 
rhc desiwi ~plmnW PCR anplifraricm, hc primers on thc i m t c  msnctr shwkl he c l w  cnwgh to 
c x h  uhv (idoully wilhin I(XU pis (hp) of rnch otha), so lhst h c  rynthcsiad DNA frum inc arand exlads 
a t l a m f w n r t h e ~ ~ ~ i h o f ~ p l m r f n r h c i p p o s i t c s a a n d  
llx arring mamials fu a PCX n r t h  src h mpk or u r e l a s ~  to kc tesmd. two (a man) #R prim 
Tlr lira a*, ur ch. K ' R  cvllng p r ~ ~ & c  w h) hcm t l r  nrnnm ro WIT ft t  ? 1 mtn II~ upyntr t k  hdlv 
rmJnl D*A mkuks Thr mmd mruy u lo k w  Ihr tetnjrouun R )  OIW uluhlc 111 t k  WR (*ln*n ru nMcd 
to dr DQ.4 thw ylwlne me r> ruuahle mep*sr 11r IIU DNA pul,mmw I?u thud rrcp tr 
I~TMU lk lcmpcrmur o If* argccrmm lrvd Itx thr mtlnrv d the DNA pdymmw t l l r  'Tw ptlvrnew, tklb 11 
7 r )  I k n  chr -trnn &wlJ )r ,rruhzml hx  41r tcnt  lunc UI c\lk~u ~vnthcsc3 mI( t k  I l h A  h t  lccr hctwn the 
twir puncrx I*I I~~SIIS nrac*h hw *mm ~muluclr. I r . . (ILII h9, ZII 10 r n d r  ,I 7?T w wlk~cn t  nu nh~w 
t k c  I L q  trrgahu h m  uh.11 cr lrmvnl the IIN R'X c yt lc Suhmpmt Jcfu~Iumtrn m~nwlln# lud rrwunm 
L y i b  an p u f ~ m d  U I I ~  I11C \rw panmtctm cai~pt thd lhr dcnurunutiw tnnl*.rdurr utkl ~lununn ~ w n  hc &cd 
a t m  rcqll~ml W> W ~ W J W  Ihc hhrn rvnlhrtrnf DhA r a n d  lnm~ h u  Icm(llntc I, liw lhmn lhrl nnxktd It* 
repruc Ihe two amds jd rhr ncttrr hkml ~hnmtrumc Copid OHA w d l  MI w a rmplnIr In ruhhyuem 
i v t k r  n$uhmp ur rrpncn~d wnpltfwcn ~II  hr wqvrrc that llfr klwcen Ihr prutlaw T~blc I h w r  h. 
u n b  r ~ p r n u n ~  undrt~m\ IIII* ulU k 4  III (hr wyec kuqvrrar hcrny nmpliltal a tnlllkn~ ItJd. nlwt t Z  c y b h  d 
.m~b,LtCtcruwm 
A lvprnl K U  u i ln~cd ~wt  1w1 UL(l1 ~ f i k r .  k p w ~ I ~ ~ y  1x1 Ihr mutcvlt) rqulrnl  
Thr. dcwlcqmcru nf t lus  KR demurm url Imn P rr~lund~ctrrum h h a r ~  puhltrhrrl (Seal et nl IW1 J c d  
<PI C;ewtJ b!rrihok>py 110 I iN7 1 i U )  7hc crct <.in &tor I DNA cd mmc hul~nsl rcU Ccn Ihc p ~ I l k u l  
h e l t ~ w  ~ h c  m u n m t  n)lumc t11i11 L H ~  he cc.\tctl IS I1 I IL und Ihedrm, the rntrltvrly uf Ik. lmt m *ppnlrtmiUely 
111 ~ l u  mL Irr h n s n r l  ruspwuonn Sen~~tlv~ttcc Im p h t  cxvpctr wtU mn hc a hcph. JIK thc prnr~c  d
~mplutwlr whrh lnhthlt the jrlymerw ctvynK trial fin K'K Srnrcttviurs cd IIXlclulml ~ W I  whcr crurl  UUI 
gcnunl ly tw r*hKwd lhr rcurcrrwnding rcncltcvcty Ln griunlnut camwtn hnn w ye hccn &@m~nad. 

Sterilization and removal of DNA from xnlpels between samples: 
I I.ctvc x .Jp l  IIW w~ least 5 trun In hlw h ~ ~ l u t w n ~  ar dcpdc DNA* 
2 Htmr I W ~ J  11, ~hc,. lrmew In w.~c%aIvc 1bat11kJ x,c&r In I,upc knterr  tr# ranow V i a  of hlcah. 
then d p  In J ~ o k ~ l  In .r taka. .uid I h i c  
If ~ w u  a l l x l h  .uc . tv .uL~hlr  I I ~  6 . ~ t i  hc l r l l  III h c  hkah m~luucn wh~lc Ihc rrhn IN k m y  u ~ u l  ur LIII r 
kunplc 
Sampling tubem wr r h i r ~ m :  
I Warh unl dl the d . u e  ul ubr [n h u ~ # n c  Wc~a g l o w  hellwe W m g  wlautm 
2 Cut R wne-dwpcd ptug him the ut&m en) (I c fhc d trn~lnally tkmu In Ihc plant) unmy a 
W k ,  hlruh-Uarci h k k  
1 fld lk rrsultiny hdc r t lh  b c l w m  ZXJ ad XU1 pL m k  drsldbd wwr. Jcpadlng oa Ihc wac 
d Ihc hc* LUI 
4 I(- w a u  fnm Ihc bde afkr I nun. ;uwl runrnruic hrrtcna hy ~cmtrlfugatwrn lcn 1 m m  12 
IaO p 
5 CafchUy remove w w r  h IhL urmpk, lurvmg V)-Iff1 pL I n  Ihc ark. 
Sarnpllng ztcm 
1 Wrnh wrfrr 111 om, &I r m l v r  url Wcw ~ i n v c s  
2 CUI rtem r l o r  to tk kmmt cd p b t  wcth hieah-muf scalp1 and plrc npm In slclcnlc dmhllad 
wiucr \Js tk minunurn tolumc of wau nrxcvay I~I (ova t L  rut end of the slon 
I Lmvr fa 10 mrn feu hwna III IIIIJZ tmt rrmclvc Jtcm. and ~umcnmc 1ua(n~um hv cmmfugatwm 
,u &%nkd ulwrve 
Testing cultures 
I. Hnlr &inn I ml. 111 12-36-h~1Id TYGB oulcun inei :I w n w a p p d  Eppcndcnf. and Ijnn ;u full 
wqred (12 (KWI p) tn u w~atrenuifuge feu 5 min. Y w  .&wid he abk lo pef n haclmirl p c k ~  nlra 
crntnft@auwn. I f  you sm ~ I I .  add au>thd I mL 111 cul~um to the lute (&la dae~ntinp the 
cupcnulwbr), ind -I cenuifuy.uion. 
2 .  Wiah ImclariJ celb thn! lo few times WIIII I ml. slcrilc disrilled wnlcr, a h  wnc spinning and 
kcanling wpernnmnt. 
3. Rcruylslnl colls tn 5(LI(K) pL wolcr. and b i l .  
N.B.: M ~ n i d  media hah culhlrrz van he directly withcu W n g  ccUs. 
TYGB Bmtb 
W brim, or r P ~ I w t . * 1 r u m  minimal mcdL hnuh. should he used to grow bcrairl e l l s  w be sad by PCR 
Cells gaun in stme ozhP W i  my rn bc l y d  akqunbly by Wing.  
nyplorr 5 g 
Y o e ~  Qmcc 3 8  
OJyaxd M mL 
)rU;cqrcI L r r l d r c 9 9 W ~ r  
D w k  lhrr hnrb m> s.SI> ml. mlhvm. mc) arctrlrw (I:11' fur I5 mlnl 
.Wl sampks 
ScnI camu canntll hr p ~ r u r d  by tho r a  Jwtly. trump In ~ h c  I~CSIICC iq K7?.1nlabin w h ~ m  So11 
exmb chdd, krrhm, k p k d  m rzln'Uvt t n n l u  ('cntimurrn IW pu~uLu nlkwn arr /' wllanti wrwt 
ink m& h. p w t h  In 1YOH Nwl vt.unwnr ;u. ckwnkd rhnc 
W i n g  samples 
1 1 u hutmy w.w u r h  lhvr II thy hcul~n# hk%k o prrrvltk ~ r rd  heal Irmalri 
2 ('lmrnauc $,unpks iI n r k r u v )  Wwc hbtlmp h) imtnlu$xun I I ?  lU I1  p. ( mall. Itrlhiwrd h) 
rcrm~vnl id urn t11 the q y r r  lquhl urlng n 111p-IC Iku thm ~mlull), rind rswspcrw) Ihc pCl!a hy 
v m x r n g  
1 fk>d r.ilsple.i ftr Ill tnln u% quukly a* [hr%lhlr dlrrbr pw~rxllu~m 
4 hlhx wnyk- (It ~ c t m  r,nrm rrmpruturc hrlrvr twm$ l*1 M% fwtc {II pi# on k c  Olw the 
umlplc* h ~ v c  crm>icd &nun ub nrrn wmprtiaulr r p n  luhcu Ox n I r w  wnmJ$ lo Itimwt 
~~uuknrcnrum t  l u k  Id 
5 R t x c d  wtlh K'l( I~ \LII I#  IW lrcrrc kunpltn 1111 rquur~ l  
14% A p n u  gd In 1a TBE h n e r  
I I)~ur,lve I 5 g ltlr eirh I(Xl ml  la TBE huflcr hy tnd~ng ttvn a llvne u 1111 r ulv~pk d mmum 
m n lnlcnrwnvc If ,I mlLnrwiivL B d, (PLc illle as I ~ C  gel wlui#on g i ? ~  very hut. m d  can boll o v s  
LIIUSIII~ r v u r  hum%) Mnkr \la. tk d p r ~ n e  hu dt.w~lved rrclJIt, chen n*J to ~o4R Rrur mrcr 
lcvcl tmy, nncl plirr ~ w n h  In Iualtrm cmlmng d.11 rhcn lr &IUI I mnl p p  knvmn UIC gel 
r d  tanknn nf the ccmh 
2 Allrw grl lo  ~1 IO-NJ mtn Rrmovr urmh fnm pel when II 1s plpcrly et rcmvc lApe 1 
appll~ahlc, Md whmcr#c. prl In utnk umtrunmg Ir TBE hufln 
51 ihunlc. (; Ludlq dyr 
15% FIC'OU. 41Yl 
41) mM E M h  p l i  N O  
O ? T +  %.me G 
for -T  ml. l t h d ~ n ~  JVQ: 
0.7q $ FIL'OLL 4(Xl 
00125 8 Onlngo (i 
400 pL 0.W EDTA pH H 0 
4 T NIL S l m h  &.t~IhmJ wnkr 
lWbpMbw(1~LIrL' )  
Mix hr foltuwmg: 
Is0 p l  aaile dh;rilk*l w x r a  
40 pl 5% Qlcngc G W i n g  dye 
lo pl IM, bp M d ~ f  m k  ( I  pg &I. nuplrlicr. PharmnriaJ 
Scttfng up tbe PCR reactions 
3.\W rtux I I ?q mM c u h  J M Y l  F pl 
I 0  a KX hmnq pL 
9 NIM ~ ~ ( ' 1 2 4  UL 
Rtm7 0l . I l  (3)  MI 125111 
Prim Y? I?O pM)I 25111 
T;y pdyrnnw 151  ul MI ?ul 
DK atn)rc rrd@nl$ m ~.e~fntllc reppltad ~cmmmally n Ihc i6mcrl corxenuwnr, wlth the rrcqrCitn d the 
p m a  ~lrzLr w b ~ h  %hwld tu d~lucrd 211 pM ,md the lfKlY mtr (rnilu glvcn nhrbvcl 
Making a mix for more than me .sample: 
l r  1% vlvihJJe WI mludt. cut) F>%trlve 84 tw18 ncgiwve ~tmuolr m a h  KX run I&, rhc muumum numb al 
K'R tuhra k) scr up wtll lx hvt It I\ nwe cr)nvment mI xtww k~ mi*e a m u  of all m m t r  (cxcrpc fm 
Ik wnpkl and whqucntlj plac ~ht dcnrred rdqwu d thr m u  m u t h  ol (hc K71 tuhcu k ptpulnm h dlca 
WM IMW b x u r r c ,  thc cnu IS muk ba dff cr&d rrlurnhcr 14 wnpkr. plus two pnrtuve wd two nepmrvo wmaob. 
p h s r n c x u a w a u u n t h a ~ ~ r s u f ~ m ~ m u  
Stenla lwllal nucr 1M.I N. 
d?dV mrr 5h pL 
10 x  WR burrcr rwL 
2% mM MpC'IZ 21 yL 
Rum w 1  120 pM) X 7% S 
(('CiO(i<j(jTAOCTTCdTAC(WCl') 
Pnmw Y? (21) pM) K 75pL 
(5'CCCACI%C'IGCCTL'mTA(iCiA(jn'j 
Tq p l y m  (5llW.) 1.4 pL 
Tolnl volume 1IZ.O pi. (- 7 r 4J d.) 
MIX 1111 the lngrrdlmlv w d l  u?~cUKr uxln$ 'PVR-tmly' rnlmptprbm. hen pul 41 pL of rhc mu mu, thc hmcm 
of m h  of H1 r u b  Thcn *W ( IJ. o( M I P ~  (0 w h  t u k  
Alwnys dd % )IL wiww to the nefiluvr rmtn~Lr ruxc Cowr hxh with mr dnlp d oJ and lhcn rkas thc lubcs 
hrLm mrvmp twUr Ihe wunpltr 
F~II plpctllnp thc tam+\. find wnahu crwn-K'R) t'?O (illuw mrnylpcltcr Thn u nrcessary I11 bmcrve Ihr 
p*ujbiIey ol cnw- t tmninnt t~g Ihc. hilrrcl t9 Ihr Gilaln u*:d fu Ihr PTR .ut up. 
Add 'i pL ul uuh svnpk (clciu I~qurd--rua pkml malcnnl) lnsr rhc mlx .a the h)Um of ~ u h  N I ! ~ Cove w h  tube 
WIL iW tbrlp d m ~ m l  utl und bltar 1 1 1 h  befinc finnll) wrung up the p M v c  ionuuk ( 5  pL drlulcd P 
solanut.rurun~ DNA ir h~krl \ell\) 
Once rul ha hem nMad h~ Ihc p w i w  uatnJs mi r u k  hive hm ckwed, t k y  am m s f e d  to t k  PCR 
mrhinu. p n v m d  ~ r r h  rho fitlbwmp h u n g  pmtilc' 
I ~ l u d c  l o  pl id 1IKt hp LrukLr (ruppl~d Ir\ l%vnwal  RUI t k  erl r shn~ It11 t i l l  V ftw ahwl I h ttJI t h y c  
dyc hxr run &MA 5 cni b m n  $el tn mrc t  urJ then sun m O.~p&'ml Elh&um R~untdc urlut~ttn 
Any sample w~ lh  a hmd *I HI1 hw Inw\ t inl h i d  Inwn h r ~ n m  111 I I I )  Mtkr ) .  rImnmx DNA d I' 
u,lrnru rrrrum 
<'rm.-cuntamination during K:R 
4 ~ e n b l l l l r y  of lk ucmkw.c  ampld~~mrn ~ ' U Q  111 K71 V. !hi# tntntnc nncunu of t~mwnwoutm c d  lk lumpla 
i.n l a d  I) fnlu (IKIDVC ~PIUIIY Ttw mnt  icanrncm W~II kr IIW cnnu ~ r ~ l ~ i ~ m  d mrlm nre gk~wl MJ 
munq%lpnws 11 L% rvicsuuy s~ cnrurc lh~t ~lr.u~ p,ltjvcr wr u w l  kt  ul UP K'R und hl c~uc IS UJn III r v d  
ccm i t  d (hc plt~vc finger I I ~  ' t h  uunpkq 11, k trued M~rny r r~u r r r  ~lrr ctnnnt~mly c t m u v n ~ ~ ~  by ncrtm~lx. 
u h ~ h  m gcnmnnl dunnp ptlrftinl: id  ptnuvr *.anplcl Tku rrul up In t#hcf tuba tm glow$ md in tlw hmol 
r l l  th- ppcuo l n m  w h r c  h c y  c.m hc r&~m! inlll suhneqvnr HR luhcr WII~IW~ adrqumr ~L~~IIIIII. th/* will 
k t m c  4 lngunt c ~ ~ u m c r ~ c  Juc 111 ~ h c  f s t  th.u a ~tnglc 51) pl. ~ I I ~ I F J  U'R rc,mtmn nttxurc UI~IUM M U h  
e l l  u v  uf itu L ~ C I  DNA I$  whih cdr r5 n u M  In ,I urhwyuenl 1%- rrnstm 111 pcmrvlc a Idar pnutlvc 
nw l t  Sutwhk prawumu to lunn ruck ldsc pnttrva Itn atdnum w ~ m f u l  worictng) im utlm 10 usc Illlaal 
mrnppc ln  up* v h ~ h  prevent Ihe kml hxfrnmg umlaltndtcd. IW (I) OK tm rl ul rn%n~lpr(en row UI 
inpctu PCR rwl(nb (caclulm$ wmplr> b~ he ir.wd) h v c r  IIin w i r  (I, unt a wwk lrer hn m g  up #a. 
*hrh tx new u d  f u  ~ r l  elamrp)wnc*r III K X  pu!wir IN pyri~lurn d wnplex UI hE laaul l%c tlrwllukm 
ol mulopk wyatrvc ctnmJo 1% ewntu l  h tndn UI mcmtux Iv*l rcveal rnsr-crmntrnum 
Infectivity Titrations for Plant Disease Evaluations 
ICY. Lum 
M u l q l w  ,431.. vlrfuul Rrwvrh und iJrrrkgmr I~uiirurr 
IMMUI)  I' 0 65, 12 101. !0774 Kwh bvur Mdmwur 
Pdndpb 
lnfsllv&y limtilm 1% n mh~quc which cflfcnr a ~ n c m  ot thc nh l ve  exp i ty  (ll M c q a n h  to infst  i t s  turn 
The k c  pncilJer (PI inlcclivily t i W m  nrm tnm enrlur wtwk m !h field t$ medical h9wnlngy. hut have 
cvtJvwJ wiIh tlme UI k r g ) I ~ n M c  to iilmtm a n y  tnlanvc aymm lMeynrU wd Mcynell. 1V7Y). inrluds$ bsctew 
plant n y m m  (Ikxkma lW3. IV77. E n r h i  IW1.1'476. Clow lV7N. Hanun nnd Kclman IV73. Lorn ad K e h w  
IYnl. Rrrwnklon 1072. Vnitxir untl Kclnun 1V7). 
Thc tmlhl Wpn en infecc~vity bmtnm tncthd m v  
I. ~epnrr wn;J di1utbn.u 01 k m n  ctncemratltmr of the kaml  p l t h~cn .  
2. ~nucubte rnch umnt d~hniim inrr 11 y w u t c  Rnall i>1 I t r  lust. 
3, rwnl clK. nnpons crf ugh tnd iv~dd In~lcc :I q w l ( i c  ~ w u b u m  p e d ,  cuul 
4 exprcn thc r ~ u d e d  ilric IL\ an esrlrnrlle of lhc rrwycutudc 01 reyltmc. 
Infal~vay 11tmcu1nr WI ts ural w e\unuttc Ihc rrlnt~vc KUYNICC 11t IWI tlr m m  LUIIIVIM to n glvm hr'tzn;ll 
rpectrs tw m n .  or the rclnuvc v u u l a ~  CII IPO IX nm himanal \trdm im 4 s m ~ f n  huu. Su~h wl@im my 
he c x p d  c~ther m mnr it! Jtflwwua m the &sth# rquvrd lo ellc~t lhc w n c  level d respvrsr 1- the hunt. 
cw Jlllacnrr$ In ~ q x W c  of thc hrm a1 lhc amlc &w (J  Ik hucluud 5mn 
Any inbcaan$ effect cw hc used, irs Ion$ ns 11 is r c l~ad  lo dwnu swri ty (e.8.. wilting. rleruh, w.). Both 
hcxu and pathogen effas  cw hr. a m  iw: qumlnl or quantitative nxpmes. Although infativ~ty t i m i w  with 
quanliwive rcspc~~ws can offer yrcvw prauisitn than w~th  qunncul rcsplmses (Meywll 1957. MryneU and Mcywll 
IV70). hey hnw Itn\ited affUcnt~ms, apunlly with p h t  pa-enr k7eria Quanul &em m all-or-none 
nspolurs, c.$., nbvc cu &ad. hurlchy ur hsrasxl. turgid ur wilt&. 
Ih+ frqucnc) of mpmm tn tnfect~vtty t m m s  wtih mrcnxxgwusm\ m bring h0-3~9 u oftm RW lo du 
logjuuhm of the uhwullm~ J3se In the f lnn uf M mcegmai l o g - w d  Lsmhuaon (Meyncll and Meynrll 1970, 
Fmncy 1971) Lmcnnry o l  ltre kq-mmnd dw-rsprn.~: CUM L;U) he o b W  by mnsfcmmg tht: pqwwn of 
the mpmx v a l u a  Inlo pnhts. ani pkttmp thc wt d u e s  ngmu thc lopanlhm d br tnxulum dost Rrgarm 
P~pabptiun UI tea plants 
P r o i c d u r c t  l o r  r h r  p f n p s g r f l r ~ n  t r l  t c r l  p l ~ i n l u  m u b l  h e  
hundurdvcd in I;u JI pnrihlc 
1 R u e  plate in a Salk r ~ d  nilx in m(l+ldud p tx bA(ln. and mdinunuun rhcnt uMb #unAwdunf pnvlh 
ctnLI#nu 
2 Ux 1- us 4 - d M  phnb It u trnIxn.cnr IU w l a i  mu wtuch arc h t y a t u u n  in ore Md ap fu an 
exprnment 
Inocutrt&mproEcdwa 
I Ure IIK nan w u b n  plru*n of Wlnxcd uul K e h  (IV52), mdCd IO &lva a pedanahed 
(fidud) mha nl &IcnJ colb to 
~ e r l  @MI 
2 ThacahEvhinrdbyurvlgcKhaar*nk.c&hnrd~nnaoppFnc:aadirpoaMcmKmpcpactlp 
3 C n M a l l y . l h u r M & d ~ l m r l ~ n l k n u m c ~ ~ a u t c n y , b y ~ p b r w a h a 2 - 3  
h whm tnocul*ad ink) t k  #an la chc lhW knf nx11 
4 Rr rnrnFpcnt xhduW br kn In p k v  uml  mt hALwUl6uqznmn hm been amplady &en up by br 
plrnt 
3 A mrnurlutlti120 ptPnb e nr~unmudcd fa f a ~ h  lmmncnl dm w~lh l e a  su a n& 8 B aplluwm 
ptr capnmcnt h r d l y ,  chc runge uf ccmcenmttmr cJuukl m l t  havarn Ill' ad 10' CFL' vf the 
pad~lcn hctn~ dcbwrsd nj thr p h t  
I. To ckumune end cumyur? ~ h c  vuulwrr d aplnmnr I&& of the plhrr(m. tnfsavny umdap mua he 
cmnt out wrlh u c h  ~ I i u e  wan$ thr m c  him CUIUVU. Ynd prtfaohly m a wgle crpcnmm. 
2 Sunilnrly, u~ compnn chc rrsblrncc lu l k f f e ~  b t  wltivars. uuabcm\ mu# he c d  INI ~nl~uvc lv  with 
tb symr ~lt~l loc in d ~ l t m l  culuv~m In n angk cxpcnmcnl. 
IhU collectiun md nnalysia 
1 Ihu tn ~LS I  mpnnc lur u r n  lywp crf htu( p h b  are raudal  a\ '~lpronuqs qwWl mpy)e'. I e . the 
pau*~la#m of #he ~nu.uka l  p h B  whrh 4 t L d  pam~nemly u Id  nut w~l t  pvmancnlly Tlca: figurer 
can I l l 1  he t r l v c n v j  lnhr pmhtl unfts Inm p b t l  tables 
2 Inmulunr dusw 1111: suntlral) ccmvcnal w log&sc ftx urc m phmtng IIK pmhl nrpnst L ~ A  
\ hrm Ihe pnM rerpcmsc curvc .md lk herrgmsn ltne ~ W I M  yencm1~3. ohuun the U), vPlue for a h  
ptOugcnhmt camtinaacm. 
Interpretation of Results 
Figw I show n t y p i d  pn*it relprmitm line Jcanhing the Jc*a-nqxm n L s u i ~ ~  berween tumrtn cultivsr 
'Bunny Ba' mi P s~dunwrcrrum sunin 338. The filraf rqrauun line is dca:ribd hy the quslnn y = 3.02 + 
0.4~. 71r 84, vnlw duiwd fmn the regression qwuitn is 8.28 x 111, CRI mL". ED, vabes can be dincdy 
comprad w give ut inlisticm d fk r rh iv t  resismu* of a mnnb of cuhinos lo a pmculsr i d s c  d the 
puhoesn m 2). 
LOG,, DOSE 
Fig.1r.e 1 . by-dose /prr ,b i  t- responss r e l a  t , l ~ ~ l l ~ ~ t ~ l ~ )  f o r  t l m ~ n t . ~  r : u l  t ivqrr 
Borrnf Best anif Y_se.udo!iqnit :,!?rwjr;t??!.um r Lrn i rr I S R .  

I r vJw\ for thc pub11 rcyw,.;ulc~ 11ncr napcd Irrnn (1 94 111 
0 w 
? Slop: (R) julgcJ cqu.11 k i p  I ( I  WI 
Prohlt analyare' 
st rarn oeographir ... . . .. . -  . ER, value  Vlrulrnco 
nr rgtn SLopa I R I .  LXXJ E5,, rank 
342 N .  CaTnllna 0 . 4 1 4  : 0 110 1 . 9 4 6  t 0 .  440 8 . 8 0  x ,0 
I USA) 
1. r valcreu tor the ) * t u b ~ t  tegtemion l ines  ranqed from 0 . 6 7  L o  0 . 4 4 .  
2 .  5'1ope 18) tar a l l  e ~ g h t  ragteuslon l ines  ~udgeri equal t o  p 0.86. 
On chr nttur hu.d. a r c w r  iaon of th* q, valuw tor d l f  l+r*nt 18al.tur 
on a rinqlo cultivnt g f v * ~  a 1elntll.v W ~ ~ U P C  nt th*I t  VIIUI~~CI Table I t .  
F-, (LL 1976. ADPUmQlt of pkm rcxtaPnce b) tnfattvny uvncltn. fLPFu W17 In tXcpwm L. d 
Kclnum. A. I&.) Prcn t r d n ~ r  of rhc Ftnf Inrrmucir,nu/ Phn ln#  (irMfrrntr uud Wur&hp (MI rhr &'o&~#y onJ 
Cotnu01 r r f h  frrtul W 111 ('uusrd h ,  P # r ~ ~ n ~ n u r  rdomutrwm. Nanh t'afulftm SW llnivffllly, R.Li#h, N& 
C d i .  
k'Lwy, DJ 1971. R r h l  d v s u  3rd odn Cmbul8c Ih~vcnrily Rau. ('mnhd#e. IJK 3JJlp. 
(W M. lr17n. RWIWLC (if we C U I ~ ~ K S  w h l . t d  hxn nd cuvral by a Hnun ur hrr~ruu ~ ~ h r v m t k r m  AM. 
Phy3cpltu> Sm. J . p n  44 Mil 
Lrr. K.Y.. and Kc-, A. IWI .  I n f d v ~ l y  W d m  d P~rudvmouar u~luw'rurun (Ahtm1). W l p # h g y  
B1:BPt. 
W W d ,  N.N.. (md -0, A. 1952. InxuLcion E a h n i i n  for cv**ptin$ miuma to Pwvdtnows 
mka~rarum. PhyUpnmolosy 42: 6 W 3 4  
Inocul.tion Techniques to Evaluate Redstance to Psemtomo114t 
s o l a i u w e ~ ~ ~  
V.K. Mt&n'. Y J. Tan', nnd thin, B o s h '  
Background 
5 c d  uncuLttlm rr&nqw ,m u r d  to c v i h w  m~nahr id puunhrut cu hmuwd WIII t& hy h r W t s n  
w~lmwmrwct Ohstud  nnl Kclmun IV?!. Kclrnn l V 5 l .  LI and Tm 1984. Tan a *I IWd) 
Whcn vimknc cullurrs and ruculan h t w ~  1 1 h w  arr wJ. rurndul m~ulmlunu w ~ h  pwc rultunr d 
PiruJunu~nur a o h r w u m  can hc lnak hy uvoll !a hnyua Thcr ~hlub r(an mwubcri* l~ lnn puwurr). 
h y p d m a  mpcnm, md nrrt ~ n x u b l h  1Kchn.w I W I )  ScJm(r md in hxW unplakn (6 x Il? cfu mL') 
fc* 30 mn w &u a uadul ~nruhum mhnquc (1.1 ml Tnn l W I I n k d  odd plaal m pw rr tnhw mulnn 
 ana abbe r r s e d a r s m c o l  uurulum. 
Ihe mr ~ n ~ u l u * m  whruquc trwever *em$ rl k hc her, p~rn fun  ICI cvnlunlc plnnu fix nxtrame 1(1 P 
arlonutcu~m Marked drlformcc ~ I W ~ I I  ~ U ~ L ~ I  m) ru~cpuhk  g r a ~ y p  LM be Irk.oufd by thlr tc~hnklu: 
lnocuiatm by aun pcnlurc uwlly pnxtucc* hl~hrr wlll knlr  In nstmt gnwnclnld plans dur dncr nut 
muubw Howcvcr. acrn ~ncrulrarm hu, an i u l v v l m p  In tho drffmartutwn d lmr wtlh rm). hr#h Iweb d 
rUOUnQ 
Preparation of lnoculum 
1. RPpsbvurLJuwrculm h * n t . w ! 3 . & y d d ~ u l r ~ s d l d ~ h l ~ v b v b n ~ ~ ~ S P A ~  
2. W ~ J ,  the pwfh im r slan~ in 5 mL aaik dlrdiM wem. m ~ x  well. nd &uk in rerik diQtilkd warn 
uupadan wed in mE axil t d  thc mLd fully crpdtd Itaf hcknv & m e x .  Akmmlively. injad 
IW IIL of the haccnirl wpcnsim im the l e d  ud with a hypdamir- ryringc. 
4. (:ovm dre irurulnkd pianu wilh polydurr fu 24 h u, pvan the df@ct d l lapnh fmn 
5 Incuhrr: the plants IP a grccnhuun cu w w t h  chamha uwkr the fdkrang aWm: rapaorurr 3%32 
"C d u h g  rhe day 4 25 "C a N@I. RH z R W .  w~ lh  12 h 11gM md I ?  h &k p&&. I1 u mpnwl 
6. Ohawe h e  wilt aympuwnr & v e b p ~  fmm 4 l o  21 clap dlcr ~mu I rL Im  
7 Rmml ch- namgs using h e  Uh)wm( scale 
I = n i l  r ) m p l ( ~ n t $ .  2 m o t ~ e  l e a f  w c l l c d  n l  t h e  ~ n n c u l r t i o n  
pa. 1 - two s! lhrrc k n v a  wrltd, 4 . ftwr cx num Imm wlud and 5 o who@ p h i  WIW (dead 
I, Clouhr I& will intcnsiry 21 days nftw intruhtion, ulcing the lnlhnvtnfl lrnmuln &stnd and Kdmvn 
C(9 x V,) 
1. .-......- XI*) 
V x N  
w h e r e  1 = w i l t  i n l c n s i l y  (41.): n ,  = n u m b e r  of p l a n t s  w i t h  
rcspeclirc &saws nun$; V, I dimst ming (12.3.4 a 5);  V = thc h i p W  dim.% mi18 (3); and N - he 
numhr r d plncs crh*crval. 
I. llpmn 2-werk okl plivlls (gnlwn in duilized soil) h prs ud wash off the sail fnnn the IW syslms. 
2. T r i m ~ ~ n w a w ~ s c i ~ x s c u a s d ~ ~ ~ o n e s i d c d m t p t a n r . R d p w r r 1 0 m l d b a c r s i r l  
suy*nsion (1 x 10' cfu mL") o m  tk injund mas. Plwl dK W e d  plan& in adzad soil in 
suiblblc rmminar 
3. Grow the plmls in n gnmluwst crr gmwth chamber xi in stq, 5 of the soan inowlah IcchRique (rt 
Iltr3w). 
4. Obarve wih s y m p m s  hum 5 u, 21 clays dw incculiuan. CMxk wilt intensity as describedabovt 
lnfabd oil 
S & q b M c h a r q c m b e p k n r d m a r l t o v h X Z l d r * r r r d p l w w ~ k r h a m ~  NPu*rUyhIcJcal**Iplr.al 
m mnrtbm U m pa wn a J s 7  hr Md w it ~URY (J tmh~lwn &IWW. nwlu n t h  t h  nhnyuar n' ultm 
awx 
I Rqwt bMsLJ imaulum Inm 2 r, ) d a y 4 4  ruh& d hi#bl) wulent IMWN gnrwn tn S18A dmMa 
2 Wssh du p w 0 1  on a r h t  in 5 mL rccnk drnrlW w r r ,  m a  wdl ud dUu& ~n ucrik &aJkd w u o  
lo nhcun n buicri*l ppulanm 4 6 x Itf c(u mL 
3 SuL m Ihc hiulmal aupe~wn Itx 25 m m  
4 Sow rhc uuruL*d ucdn In denit ml an pu in thc p n h u t  tw In ~ i l  In thc fidd 11 u impmmt IO 
krul, Ihc utd WCIIII ~nrwr: drrtirrr JCtt-ffl 
5 Incuhpcc the p u ~ s  witt~ rnlruklod ml In n pnontunhv a gn~wth chunh*r um)(7 Ihc ~ ~ ( I I J W I ~  c d l k m r  
m n p u r e  UI-12 T rlur~n# fhe c*y Nwf 25 T II nayh~ RH r dW!, w~th I2 h Il~hc wul 12 h br(r 
pn*, 
6 Ohscrvc wilt tympmr lnnn 21) drrys dhr sriwtng C'akulWc thc wiX mkmcly u drwlhrrl how, (U 
du stem uurulwt~rm m hntquc (DUCRC ~ncdmcc In thc licW h U l d  k mcnled) 
Fidd sawniqj udn unifrnm high d m  prwm ir udul a ldcrulry vurcu rrl  mamm.  R I$ d&&k lo ur: 
che~trrT*ldahyaac~chuillupol~he~bwrulwninhhcl.HarvyhyuwlyuilLY 
r r r c l l i c . b * f a m i a n c c m r e c n m g . C ~ A O y p a r m h c r a M d n ~ n i n ~ p b U , w k h m * r c l r ~ y  
McrptiMccdtiw(Chiw,aJ II~lmngodsyltanaully~chcW.Good6MedrrelopnembeMund 
b y ~ ~ h i g b n d l m d a u c ~ u q t c ~ d r y ~ p l u r w v i n g  

YJ. Tui, BS. W. aad V.K. M n '  
w c"p baud Irwu. CMT. Wi&m r ? m .  c*r, 'n-uur ~ t r  CW, ?&r $US t~ MW 
fLc @oWw n 4 lu d PrrrdmmPr ndasmnnrn 1Sauh1 Smith. rpahlraal h 
~ / w d m w m ~ l T u . I * m c u * v y r  S h * u d I b ? w b ~ d U t ~ ~ ~ ~ i ~ t h ~ ~ i  vtcukmun 
~ R h a y p r r c r a h M d . b r a l m * a ~ a t y ~ k n u m ~ ~ d U v m ~ d U l a r a l l  
*Is of vil KakWnr. 
~ m l c v c t s ~ h u o e d u i d e M t y p l h * y p n d k w U t ~ m . u r b n r n u T L N D  1. 
W#hly raw 
Hirhly mirunt 
Highly m~nn l  
hk**r*ly RrbMt 
I .  Sckd &d ahPJIy inknrd bs& will huI.qa( I u d m .  prrdupbly w W  bra ~xlprldau 4( P. 
rolcwr~~rum. 
2 OnnrmebdicradlttivarinuarplfyMardf~brdlmrbotqrnbe~urh(nadmJmd 
b k c L d a i p * ( B r t , b d r r a s Y L i w ~ l d b c ~ i n r s p l i p l a l p * n d U n m , W c s c ~ r d 5  
m b q , I * i d l ~ s o m . i n ~ y ~ 1 0 c m ~ : t * c d d p a ~ o r r r t u n r a M p a n d s d  
3. F N l n M d . y r l i a r u v l n g . n c m l t A r ~ v I k h c i d a * r b n p l ) c * c d p l a r d c r h ~ n r . !  
~ y ~ , u p t o 7 O b y r d b m ~ m &  

